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1.0 INTRODUCrION 

1.1 Project Description 

The Bunker Hill National Priorities List (NPL) site is currently in the Remedial 

Investigation/Feasibility Study (RIJFS) phase of the Comprehensive Environmental . 

Response, Compensation and Liability Act of 1980 (CERCIA) process. The designated 

RIJFS study area encompasses 21 miles of contaminated properties surrounding and 

including the defunct Bunker Hill primary lead/zinc smelting complex. The site is located 

in a narrow mountain valley in northern Idaho. Features include the smelter industrial 

area, a major river drainage polluted by a century of. mine waste discharges, several 

thousand acres of barren and contaminated hillsides and floodplain, and four cities and 

one unincorporated town housing apP!oximately 5,000 peIS?ns. Contaminants of concern 

include several heavy metals and organics typically associated with non-ferrous mining 

and smelting activities. Among the most significant are antimony, arsenic, cadmium, 

copper, lead, mercury, and zinc. 

Site characterization has been accomplished to determine the extent .of toxic contaminant 

concentrations in site media and the associated risk to the public health and welfare, and 

to the environment. The site has been divided into two major portions for RIJFS efforts. 

This report summarizes the Remedial Investigation (RI) and Risk Assessment (RA) 

activities undertaken in the Populated Areas or those properties within the cities and 

residential portions of the site. 

These communities have a long history of lead-related health problems. The U.S. 

Environmental Protection Agency (USEPA), the Federal Centers for Disease Control 

(CDC) and the Agency for Toxic Substances and Disease Registry (ATSDR), the Idaho 

Department of Health and Welfare (IDHW), and the local Panhandle Health District 

(PHD), have cooperatively conducted a number of investigations, surveys, and medical 

surveillance activities in the area. Public health and. medical follow-up programs have 
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been in place over the last two decades to reduce excess lead absorption among children • 

During the 1970s, health intervention efforts were directed at redu,cing exposures related 

to the operating smelter. The smelter closed in 1981. 

The site was designated on the NFL in 1983. RIfFS efforts commenced at this site in 

late 1984, following completion of the 1983 Lead Health Study. The summary report for 

that survey, entitled Kellogg Revisited (PHD et al., 1986), indicated that a significant 

portion of the childhood population continued to suffer lead intoxication more than 

2 years after closure of the smelting complex. These excess absorptions were related to 

residual heavy metal contamination found in the area's soils and dust. Throughout the 

198Os, health intervention efforts have been directed at reducing exposures to these 

residual lead sources. 

In recognition of the history and complexity of this site, and the continuing need for 

active health intervention efforts, the State and federal governments negotiated an 

integrated project structure for RIfFS activities. The site was divided into two principal 

portions-the Populated and Non-populated Areas. The Populated Areas include the 

several cities and all residential and commercial properties located within those cities' 

impact areas. The Non-populated Areas include the smelter complex, river floodplain, 

barren hillsides, groundwater, air pollution, and industrial waste components of the site. 

Separate RI/FS efforts are ongoing in each portion of the site. Region X of the USEP A 

oversees both. The State of Idaho conducts the Populated Areas RIfFS, and one of the 

sites Potentially Responsible Parties (PRP) has undertaken the Non-populated Areas 

investigation. In order to provide continuity and consistency between the RIlE'S) Region 

X USEP A has reserved certain project responsibilities including oversigbt, risk 

assessment, cost recovery, enforcement, and interim removal efforts. Figure 1.1 sbows 

the gcmeralized project structure. Geographically the site is divided into two major 

functional areas that represent the Populated and Non-populated portions of the site. 

Figure 1.2 shows site location. Figure 1.3 shows the general boundaries of the Populated 
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Areas RIJFS and important site study elements and Table 1.1 lists the major study 

elements and subjects of emphasis within each investigation area. 

Table 1.1 
MAJOR fEATURES NIl llVESTlGATION EMPHASIS 

Major Geographic Features 

Populated Areas 

• Pinehurst 
• Page 
• Smelterville 
• Kellogg 
• wardner 

Mon-populated Areas 

1 Horth Facing Hillsides 
2 South Facing Hillsides 
3 Denuded Hillsides Hear Complex 
4 Bunker Hill Smelter Complex Area 
5 Central Impoundment Area (CIA) 
6 Smelterville Flats . 
7 Industrial Corridor 
8 River Channel Area 
9 East Page Swamp 
10 West Page Swamp 
11 Pine Creek Channel 
12 Page Pond 

Populated Areas 

Investigation Ellphasis 

Mon-populated Areas 

• Contaminated Soils and Dusts • Soil and Surface Materials 
• Residential Properties • Surface Water 
• Commercial Properties 
• Roadways/Railways 
• Fugitive Dusts Sources 

• Groundwater 
• Air/Atmospheric Transport 
• Vegetation 

• House dust • Buildings/Process Equipment 
• Airborne Contamination • Waste Piles 

• Buried wastes 
• Contaminant Migration 

Inherent in the Populated Areas effort are numerous individual property and health­

related issues. Several hundred private properties have contamination levels that could 

represent a hazard to human health 01' the environment. Public health intervention 

efforts are underway at many of the area homes. A majority of the properties in some 

cities have been identified as candidates for remediation. In response to immediate 

health threats, removal efforts have already been undertaken at several locations. 
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This report presents, summarizes and evaluates the results of the Populated Areas 

Remedial Investigation and associated health intervention and risk assessment efforts that 

have been ongoing for the last 5 years. Analyses are performed and conclusions are 

drawn with respect to site pollutant levels in various media, active and potential 

contaminant migration pathways, and resultant risk to human health. Recommendations 

are offered for additional investigatory and Feasibility Study (FS) efforts to facilitate 

development of remedial actions in the Populated Areas. 

1.2 Purpose and Objectives 

The primazy purpose of the Risk Assessment and Data Evaluation Report (RADER) is 

to descnbe the nature and extent of contamination in the Populated Areas and to 

evaluate associated health risks to the resident population. Public health issues affecting 

the on-site population are the principal focus of the data evaluations. Additionally, 

environlnental media and transport data are presented and discussed. Further evaluation 

of this and other information will be accomplished in focused feasibility and remedial 

design studies. Characterization of occupational exposures to site contaminants and 

associated risks are not addressed but will be evaluated in the Non-populated Areas Risk 

Assessment. 

The objectives of the RADER are fivefold and include: 

• 

• 

• 

• 

Summary and presentation of the results of the Phase I and II Remedial 
Investigation results for the Populated Areas. 

Presentation of the results of the Baseline Risk Assessment for the 
Populated Areas. 

Identification of the potentially significant contaminant transport 
mechanisms that affect the Populated Areas of the site. 

Identification of actual, and potentially significant, ris~ to human health 
and the environment and associated remedial needs. 
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• Recommendations for additional work to facilitate development of 
appropriate remedial strategies. 

Both historical health and environmental survey information, and site data collected in 

recent RI efforts are summarized and' presented. Emphasis is on those site 

characteristics that may result in excessive bealth risk due to direct and indirect exposures 

to the population. Environmental and health survey data collected since 1971 are used 

because historical analyses are necessary to assess possible residual and latent health 

effects associated with past contaminant exposures. These evaluations are especially 

important for estimating chronic/lifetime exposures to individuals residing in the area . 

during smelter operations. Three primary data sources have been used for this report. 

Those documents are: 

1. Populated Areas RIJFS Data Summary Reports (DSRs) produced for the Idaho 
Department of Health and Welfare (IDHW) 

2 Non-populated Areas RIIFS Data Evaluation Reports (DERs) produced under a 
USEP A Consent Agreement by Gulf Resources and Chemical Corporation (a site 
PRP) 

3. Human Health Risk Assessment Protocol For The Populated Areas Of The Bunker 
Hill Superfund Site (PD) (JEG et al., 1989) 

The latter document comprehensively summarized pertinent histodcal h~alth and 

environmental data from the last two decades and provided a protocoI or methodology 

for Risk Assessment activities for this site. See Appendix Al for a comprehensive list of 

all DSRs and DERs. 

Health risks to sensitive populations are characterized for both carcinogenic and 

noncarcinogenic effects due to exposures to seven site contaminants. Those are 

antimony, arsenic, cadmium, copper, lead, mercury, and zinc. Organic compound 

contamination in the Populated Areas tends to be random and at low levels, posing 

minimal health concerns for the general population. Chlorinated pestiCides, however, 

were found in a preliminary analysis to be present in some residential soils at levels that 
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could pose some health risk. Additional surveys and analyses are currently underway to 

further characterize pesticide contamination in the Populated Areas. 

Both carcinogenic and noncarcinogenIc effects of contaminant exposures are evaluated 

for 70-year (lifetime) exposures in Smelterville, Kellogg/Wardner/Page, and Pinehurst for 

two baseline periods. For this evaluation, the two baseline periods are defined 

accordingly: 

Historical-An exposure period for current residents who were born in 1971 and 

were 2 years old during the period of high site exposures (in 1973) and who 

remain on site under current conditions for a 70-year lifetime; and 

Current--An exposure period for residents who were not exposed during active 

smelter operations, and who are assumed to live since birth (for a period of 70 

years) under current site conditions represented by the contaminant levels found 

since 1983. 

1971 ________________ h_is_to_r_ic_a_I ____________________ ~,.. 
(70-year lifetime) 

1983 _______ c_ur_r_e_nt _____ ---:l~ .. 

(70-year lifetime) 

Both of the periods are representative of baseline conditions--those conditions under 

which no remedial action has been undertaken (the no-action alternative). 

Exposures and consequent risks are evaluated for each of the two baseline periods in 

three separate communities for the average or typjcal populati()n. Additional exposu!es 

and risks could be experienced by members of the population who participate in activiti~s 

that may be considered non-typical, that are evaluated as incremental or additional 
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exposures (in addition to that experienced under the baseline analysis for the typical 

population). Activities evaluated for incremental exposures and risk include the 

consumption of local garden produce, consumption of contaminated site groundwater, 

and "pica_type" behavior in children; an are descnbed in detail in Section 5. Population 

exposures to soils and dusts exhibiting greater than average (or extreme) concentrations 

of contaminants are also evaluated as an incremental exposure. The evaluation of 

exposures to soils and dusts at extreme concentrations of contaminants is similar to the 

analyses performed as an RME (reasonable maximum exposure) under recent USEPA 

guidance (USEP A, 1989j). 

Risk characterization for sub-chronic lead exposures are accomplished by using observed 

childhood population blood lead levels and environmental media lead concentrations 

collected over the last seventeen years. An integrated uptake/biokinetic dose-response 

model is used to relate childhood blood lead levels to contaminated media exposures. 

Model inputs and criteria are selected and validated using the site..specific data base. 

Use of the validated model and associated input parameters for evaluation of remedial 

goals and potential cleanup alternatives for lead contaminated soils and house dusts is 

discussed. 

Applicable or relevant and appropriate requirements (ARMs) and other to-be­

considered (TECs) materials, when available, are presented and compared to the site 

characteristics. In this report, when AR.ARs and TBCs are not available, the remedial 

activities and goals are evaluated against acceptable human health risk criteria. Site 

environmental and human health survey data are used to determine conformance with 

federal, State and local laws and regulations as determined in the baseline risk 

assessment. These results are used to evaluate human health risk, need for remediation, 

and to support the implementation of selected focused feasibility studies (FFSs). The 

results of the FFSs will be used for the development of a comprehensive site remedial 

plan. 

1- 10 

I 
I 
~ 
I 
I 
I 
I 
I 
I 

-' 
I 
I 
I 
I 
I 
I 
I -, 
I 



I 
I , 
I 
I 
I 
I 
I 
I 

.. 
I 
I 
I 
I 
I 
I 
I .. 
I 

1.3 Report Organization 

This report is organized and presented in a format consistent with USEP A guidance for 

RI/FS reports. The material is presented in seven sections briefly descnbed below. In 

several instances, specific information (such as large data tables and complex analyses) 

has been incorporated in the Appendices to enhance the readability of the document. 

Section 1 - The INTRODUCI'ION presents the objectives of the RADER report and its 

purpose and role in the site RI plan. ~ite· background, project structure, history, and 

previous investigations pertinent to the Populated Areas are also summarized in 

Section 1. 

-
Section 2 - SITE CHARACI'ERISTICS presents and summarizes site data descnbing the 

nature and extent of contamination. These results are drawn from various Data 

Evaluation Reports (DERs) and Data Summary Reports (DSRs) developed in the RI or 

associated studies that have been conducted in Health Intervention or Interim Remedial 

Measures efforts. Data presentation is arranged by environmental medium with 

particular emphasis on those media with potential for direct and indirect exposure to the 

population in the residential areas of the site. Summary tables and associated statistics 

are provided to support the baseline human health risk assessment and the development 

o~ FFSs. Additional RI data and pertinent references, critical for use in the FFSs, are 

acknowledged and cited. 

Section 3 - APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

presents ARARs and TBCs pertinent to the Populated Areas of the site. Site-specific 

media contaminant concentrations developed in Section 2 are compared to determine 

site conformance with regulatory standards and health-based criteria. Areas are 

identified where additional health-based risk analyses are required. 
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Section 4 - CONTAMINANT FATE AND TRANSPORT presents and evaluates 

potentially significant routes of contaminant migration as they are related to and affect 

human exposures in the Populated Areas. Migration into and within the Populated 

Areas are discussed with respect to pOtential human health risk and planning and 

engineering considerations to be addressed in FeaSIbility Studies. 

Section 5 - EXPOSURE ASSESSMENT quantitatively estimates baseline population 

exposures to site contaminants of concern by developing intake estimates for particular 

pathways and exposure routes for sensitive populations. Past, current, and future 

exposures are evaluated to assess baseline health status of the residential population 

under a no-action scenario. 

Section 6 - RISK CHARACfERIZATION estimates baseline and incremental risk to 

carcinogenic and noncarcinogenic disease resulting from chronic/lifetime and sub-chronic 

exposures to site contaminants. Critical assumptions and site-spec~c da~a are presented 

and employed for evaluating risk to adverse health effects for sensitive populations. 

Section 7 - CONCLUSIONS AND RECOMMENDATIONS summarizes those site 

characteristics that are in nonconformance with chemical-specific ARARs and TBCs, 

exceedances of target risk levels, and the potential for continued and future releases of 

contaminants in the Populated Areas. Procedures for determination and selection of 

health-based remedial goals are presented and discussed. Recommendations are 

presented to support implementation of selected FFSs for the evaluation of remedial 

alternatives designed to mitigate exposures in residential areas and to control sources of 

contaminants prior to the development of a comprehensive site remedial plan. 

1.4 Site Background 

The material summarized in this s~bsection has been presented in detail in other project 

documents. Those include the Human Health Risk Assessment Protocol for tlte l?opulated 
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Areas of the Bunker Hill Superfund Site (JEG et aI., 1989), the Interim Site 

Characterization Report (WCC & TG, 1986), and the Soils Characterization Report (TG, 

1986b). 

1.4.1 Site Description 

The Bunker Hill site is located in Shoshone County, northern Idaho at 47>5', north 

latitude and 116°10' west longitude (Figure 1.2). The Study Area lies in the Silver Valley 

of the South Fork of the Coeur d'Alene River (SFCDR) that flows westerly joining the 

North Fork of the Coeur d'Alene River and terminates at Lake Coeur d'Alene. 

Interstate Highway 90 crosses the site. from east to west, approximately parallel to the 

SFCDR. The 21-square-mile area is bounded on the west by the town of Pinehurst and 

on the east by the town of Kellogg (Figure 1.3). The smelter complex occupies several 

hundred acres in the center of the site between the towns of Kellogg and Smelterville. 

The site includes the four incorporated cities of Kellogg, Pinehurst, Smelterville and 

Wardner that have a combined population of approximately 5,000. Over 100 years of 

mine waste discharge and 65 years of smelting have occurred at this site. The industrial 

complex consists of the Bunker Hill Mine producing galena ores, a milling and 

concentrating operation, a lead smelter, a silver refinery, an electrol~c zinc plant, a 

phosphoric acid and phosphate fertilizer plant, two sulfuric acid plants and a cadmium 

plant. In late 1981, most operations at the site ceased. The mine and ore concentrating 

operation reopened in 1986. The Bunker Hill mine, mill, ore concentrator, and 

wastewater treatment plant are currently active. 

The site contains 160 acres of impounded tailings and several hundred acres of 

contaminated soils and waste piles. The majority of the unconfined tailings on the site 

are found in the large river floodplain of the SFCDR. The tailings represent a 

continuing metal contaminant source to the environment through leaching, runoff and 

wind-entrained dusts. 
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The meteorology of the site is dominated by mountain/valley drainage winds related to 

the local topography. The orientation of the valley effectively channels winds in an east­

west direction. Nocturnal winds average 4.5 mph and tend to be from the east. Late 

morning and afternoon winds are from the west and southwest averaging approximately 

8 mph. The mean precipitation of the area ranges from. 30.4 inches at Kellogg to 

40.5 inches at the nearby city of Wallace, 10 miles east (upstream) of the site. 

The vegetation at the site has been severely modified over the past 100 years by a 

combination of smelter emissions, mining activity, logging and forest fires. The original 

dense forests have become barren or sparsely vegetated shrub communities. The Bunker 
, 

Hill Company, as part of a revegetation effort beginning in the early 1970s, identified 

18,000 acres requiz:ing reforestation. Although reclamation efforts have been conducted 

on about 5,000 acres with reportedly good success, much of the site remains sparsely 

vegetated. Most of the site surface soils have been contaminated by heavy metals, to 

varying degrees, through a combination of airborne particulate deposition, flooding, and 

tailings disposaL 

1.4.2 Site Histo!! 

The Bunker Hill Superfund Site is part of the Coeur d'Alene Mining District located in 

northern Idaho and western Montana. Gold was first discovered in the district in 1883. 

The first mill for processing lead and silv~r ores at the Bunker Hill site was constructed 

in 1886 and bad a capacity of 100 tons of raw ore per day. Other mills subsequently 

were built at the site and the milling capacity ultimately reached 2,500 tons per ~ay. 

The Kellogg·based Bunker Hill and Sullivan Mining Company, incorporated in 1887, was 

the original owner and operator of the Bunker Hill complex. In 1956 the name was 

changed to the Bunker Hill Company, and in 1968 Gulf Resources and Chemical 

Company of Houston, Texas, purchas~d the company and operated the smelter until it 

was closed in late 1981. The complex was purchased in 1982 by its present owners, the 

Bunker Limited Partnership, headquartered in Kellogg, Idaho. 
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The Bunker Hill and Sullivan Mining Company was originally involved only in mining and 

milling lead and silver ores from local mines. From 1886 until 1917, the lead and silver 

concentrates produced at the site were shipped to off-site smelters for processing. 

Construction of the lead smelter began in 1916 and the first blast furnace went on-line in 

1917. Over the years, the smelter was expanded and modified. At the time of its closure 

in 1981, the lead smelter had a capacity of over 300 tons of metallic lead per day. An 

electrolytic zinc plant was put into production at the site in 1928. Two sulfuric acid 

plants were added to the zinc facilities in 1954 and "1966, and one sulfuric acid plant was 

added to the lead complex in 1970. When it was closed in 1981, the zinc plant'S capacity 

was approximately 285 tons per day of cast zinc. A phosphoric acid plant was 

constructed at the site in 1960 and a fertilizer plant was built in 1965. The primary 

products from these plants were phosphoric acid and pellet-type fertilizers of varying 

mixtures of nitrogen and phosphorus. 

For most of its operating life, the Bunker Hill complex had few controls on atmo~pheric 

emissions, solid waste disposal, or wastewater treatment. Initially, most mines in the 

district and the smelter complex discharged all liquid and solid residue into "the South 

Fork of the Coeur d'Alene River and its tnbutaries. The river periodically flooded and 

deposited the waste materials onto the valley floor. Operation and disposal practices 

caused deposition of hazardous substances throughout the valley, primarily in the form of 

heavy metal particulates. Some of the reported heavy metal contamination of the river 

and groundwater is expected to have resulted from leaching of these deposits through 

contaminated soils and waste piles. 

In recent years some wastes have been shipped off-site for disposal in landfills, however, 

thousands of tons of sludge, tailings1 flue dust, and other wastes remain at the complex. 

These materials contain high levels of arsenic, lead, zinc, cadmium and other metals. 

A 1973 fire in the baghouse at the lead smelter main stack severely reduced air pollution 

control capacity. Total particulate emissions of about 15 to 160 tons per month, 
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containing 50 to 70 percent lead, were reported from the facility's main stack through . 

November 1974. This compares to emissions of about 10 to 20 tons per month prior to 

the fire. The immediate effects of increased lead. emissions and consequent high 

atmospheric lead levels were observed in a 1974 public health study that showed 

epidemic lead poisoning among area children. Smelter emissions wert? identified as the 

major source of site contamination and excess absorption in children. Several remedial 

and health intervention actions to reduce blood lead levels have been implemented at the 

site. since 1974 and are presented in JEG et aI., 1989. 

In 1977, tall stacks (>600 feet) were added at both the zinc and lead smelters to more 

effectively disperse contaminants from the complex. These devices decreased sulfur 

oxides concentrations in the .late 19708. The smelter and other Bunker Hill Company 

activities ceased operation in December 1981. The mine and are concentrating 

operations reopened in 1986. The Bunker Hill mine" mill, are concentrator, and 

wastewater treatment plant are currently active. 

RI/FS activities were initiated in . late 1984. Major interim remedial activities were 

undertaken as part of this project in 1986, 1989, and 1990. In 1986, several public 

properties including parks, playgrounds, roadsides, and parking areas were remediated 

through removal of contaminated soils, replacement, and covering. In. 1989, the home 

yards of more than 100 preschool children and pregnant women were similarly replaced. 

Recent enforcement activity in the Populated Areas of the site included the issuance by 

the USEPA of an Administrative Unilateral Order on May 15, 1990, to Responsible 

Parties for the performance of the immediate removal and response actions regarding the 

cleanup of contaminated soils at residential properties within the boundaries of the 

Superfund site. The justification for the order was based on findings of fact and the 

release, or threatened release, of hazardous substances that may present imminent and 

substantial endangerment to the public health or welfare or the environment. 

Approximately 130 additional home yards will be remediated in 1990 under this ·order. 
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Orders have also been issued for interim cleanup activities within the complex and 

surrounding hillsides in the Non-populated Areas of the site. Details can be found in 

other project references (USEP A, 1990e; USEP A, 1990£). Figure 1.4 summarizes key 

elements and accomplishnients of the Superfund Process at the Bunker Hm Site. 

1.4.3 Past Health Investigations 

The emphasis of past studies in the residential areas has been on environmental lead 

contamination and associated lead absorption in children following reports of epidemic 

lead absorption and intoxication in area children. Several of these site studies include 

extensive environmental media and population lead health data. Contaminant metals 

analyzed in environmental monitoring studies have primarily been arsenic, cadmium, lead 

and zinc. These. data are an outstanding resource offering site-specific dose/response 

information for use in risk assessment. Historical studies, prior to the site's identification 

on the NPL in late 1983, have been used for: 

• Preliminary site characterization 

• Determination of data quality objectives and additional data needs for the 
RI/FS 

• Development of the Populated Areas Remedial Investigation work plan, 

• Estimating chronic intakes and consequent health risks associated with past 
contaminant exposures 

• Evaluation of potential health effects of historical metal exposures in the 
residential community 

• Evaluation of site-specific dose/response relationships 

A summary of health concerns and effects associated with past and present site 

contaminant exposures is found in the Risk Assessment Protocol Document (PD) (JEG 

et al., 1989). During the past operations of the Bunker Hill facilities, a variety of 

hazardous substances, mostly products and by-products of the mining, milling and 

smelting activities1 were released into the surrounding environment. Contaminated air, 
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FIGURE 1.4 o EPA The Su erfund Process at Bunker Hill 
R.glon 10 Superfund 

1200 Sixth Avenu. 
S.aW. Washington 

S.pt.mbff, woo 
Oal .. Complollid Study Phase 

(RemediallrwesllgstJotvF,ss/bility Study) 

Populaled Are .. : 
work being ronducred by IDHW and EPA 

ReportJSludle. Dal. Compl.led 

Health Intervention Program ..................................... 1983 (on·golng) 
Site Characterization .................................................................. 1988 
Dust Source Sampling ................................................................ 1986 
Community Relations Plan ......................................................... 1987 
Resldendal SoillS Sampling ......................................................... 1987 
Commercial Soils Sampling ........................................................ 1989 
Sample AnalvsealOualfty Check ................................................ 1989 
Ambient Air Sampling ................................................................. 1989 
Sample AnalysealOuality Check ................................................ 19.90 
Community Aelations Plan Update ............................................ 1990 
Risk AssesamentlData Evaluation Report ........................ 1990 (FaIf) 
Residential Soila Feasibility Study ................................ 1990 (Winter) 
HOUSEl Interiors ........................................................................... 1991 

£."y Actions 
Page Ponds Disposal Area Agreemenl ...................................... 1990 

Non·Populated Are.: 
work befog conducted by Potentially Responslbkl Parties (PRPs) 

with EPA oversight. 

Repor1llStudles Oat. Completed 

Groundwater evaluaUon ....................................................... on·golng 
Air modeling .......................................................................... on·golng 
Smelter Complex Investfgation ............................................ on·golng 
Disposal Area Evaluadon ..................................................... on·golng 
Ecological Risk Assessment' .................................................... 1991 
Remedial InveStipation ............................................................... 1991 
Human Health Risk Assessment • ............................................. 1991 
FeaalblHty Study .......................................................................... 1992 

£."y Action. 
Smelter Complex Removal Order .............................................. 1999 
Smeller Complex Short·lerm Stabilization ........................ 198911990 
Hillsides Revegelatlon/Stablllzation Order ................................. 1990 

'/ndlclllllS EPA /$ condJellng work II!1dwll recovlJf cO$//rllm PRPI. 

DecisIon Phase 
(Record of Decision) 

Populated Araas 

Resldendal Solla ................................................................ early 1991 
House' Interiors .................................................................. early 1992 
Commercial Properties ...................................................... early 19'92 

Non-Populated Area 

CIA, Hillsides, Smelter Complex, groundwater, 
river and nats ..................................................................... 199311994 

These decisions roufd occur ear/fIJr IInder enforcement serions 

Remedlallnvestlgatlonl ••••••• 
Feasibility Study 

e - - - - - - .. - - - -

Other Actlvltle. 

Gondola Prospective Purchaser Agreement. ............................. 1988 
Recovery 01 Coats lor 1985 Pwka/Playgrounds ........................ 1969 

SO/hi Removal 
Cooperative Agreement with Couer d'Alene Tlloo ..................... 1990 
Prepayment by PRPs lor 1990 Solis Removal .......................... 1990 

Earlv Cleanup Action, In Populated Areas 

Parks and Plavground "Fast Track" Removal ........................... 1988 
(UI Sit •• Compl.IN) 

Residential Soils Removals ........................................................ 1989 
(83 RII.ld.nc •• Compl.t.d) 

Residential Solis Removals ......................................................... 1990 
(138 RII,/dtlnc., ComplaiN) 

Cleanup Phase 
(Remedial Des/fInIRemerfllll Aclion) 

Populated Ar.a. 

Residential Soils ................................................................ StarI1992 

Non-Populated Are" 
Dates lor actlvldes/n this area are dependent on completion of 
decision phss. 

-

Remedial Deslgnl 
Remedial Action 
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soils, and dusts have been identified as contnbutors to elevated blood lead levels in 

children living in the Bunker Hill project area. Environmental media concentrations of 

site contaminants of concern in the Populated Areas are strongly dependent on distance 

from the smelter facility and industrial complex. Residential areas nearest the smelter 

complex have shown the greatest air, soil and dust lead concentrations; the highest 

childhood blood lead levels; and *e greatest incidence of excess absorption in each of 

the studies conducted in the last decade. 

During the period 1974 through 1990, childhood blood lead levels in the area have 

ranged from approximately 1 J.£g!dl to a high of 164 J.£g!dl. The highest areawide blood 

lead levels for children < 9 years were reported in 1974 (median = 46 p.gldl) and the 

lowest in 1990 (median = 8 J.£g!dl). Two years after smelter closure, in 1983, more than 

25% of preschool children in the most contaminated area of the site exlubited blood lead 

levels greater than 25 J.£g!dI. It is estimated that since 1973 more than 1,000 children in 

this communitY have experienced excessive absorption of lead (relative to the current 

CDC 25 p.gldl criteria) and possibly other metals (JEG et aI., 1989). 

The health effects of environmental contamination were first documented following the 

period of extreme smelter emissions in 1973 and 1974. Up to 75% of the preschool 

children tested within several miles of the complex had blood lead levels exceeding CDC 

criteria. Several local children were diagnosed with clinical lead poisoning and required 

hospitalization. Lead health surveys conducted throughout the 1970s confirmed that 

excess blood lead absorption was endemic to this community. Concurrent epidemiologic 

and environmental investigations concluded that atmospheric emissions of particulate 

lead from the active smelter were the primary sources of environmental lead that 

affected children's blood lead levels prior to 1981. Contaminated soils were also found to 

be a significant, however secondary, source of lead to children in the 1970s. 

An analysis of historical exposures to children who were 2 years old in 1973 suggests a 

high risk to normal childhood development and metal accumulation in bones due to 
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extreme exposures that could offer a continuing lead body burden in these children ,due 

to its long physiologic half life. Females who were 2 years of age during 1973 are now of 

child-bearing age, and even with maximum reduction in current exposure to lead,. the 

fetus may be at risk due to resorption' of bone lead stores in the young women (JEG 

et al., 1989). 

Following smelter closure in late 1981, airborne lead exposure decreased by a factor of 

10, from a sitewide' average of approximately 5 p.g!m3 to 0.5 p.g/m3
• A 1983 survey of 

children's blood lead levels demonstrated a significant decrease in community exposures 

to lead contamination. The survey also found that several children, including some born 

since 1981, continued to exlnoit blood lead levels in excess of recommended public health 

criteria. Accompanying epidemiological analyses suggested that residual contamination in 

soils and. dusts represented the most accessible sources of environmental lead in the 

community. The potential hazard presented by these sources and the indication of 

continued health risk experienced by the community were major considerations in the 

USEPA"s and IDHW's decision to initiate RIIFS activities for the Bunker Hill project 

area. 

Childhood mean blood lead levels have continued to decre3.$e since 1983. These 

decreases are likely related to a nationwide reduction in dietary lead; reduced soil, dust 

and air levels in the community; intake reductions achieved through denying access to 

sources; and the increase in family and personal hygiene practiced in the community. 

The latter is reflected in the implementation of a comprehensive Community Health 

Intervention Program in 1984 that encourages improved hygienic (housekeeping) 

practices, increased vigilance, parental awareness and special consultation on individual 

source control practices such as lawn care, removals, and restrictions. The Community 

Health Intervention Program was initiated specifically to reduce the potential for excess 

absorptions and minimize total absorption in the population until initiation of remedial 
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activities. Total blood lead absorption among the community's children has been reduced 

nearly 50% since 1983. The incidence of lead toxicity (blood lead> 25 p,gldl) has fallen 

from 25% to less than 5% of children in the highest exposure areas. 
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2.0 SITE ENVIRONMENTAL MEDIA CHARACTERISTICS 

In this section, the results of environmental media sampling and mOnitoring studies for 

both RI efforts are presented. AddItional Non-populated Areas RI and historical health 

study data used in later analyses are also introduced in Sections 4, 5, and 6. Site 

characteristics with potential for adversely affecting public health and welfare are 

emphasized. The e~vironmenta1 media concentrations are used in Section 5 to perform 

an integrated exposure analysis for the current residential population. Exposure analyses 

are, in turn, used to assess public health risk and the potential for site-specific disease. 

The results of the risk assessment ultimately supports the development of focused 

feasibility studies and the need for remedial activities at the site. Analysis techniques, 

exposure pathways, contaminants and media of concern, and receptor populations have 

been identified and descnbed in detail in JEG et al., 1989. 

Contaminants of concern for the Populated Areas were identified and selected according 

to three criteria: 1) elevated concentrations in residential soils and dusts relative to 

background concentrations; 2) decreasing concentrations in environmental media with 

increasing distance from the industrial complex; and 3) potential for human toxicity 

following incidental and chronic exposures. Contaminant metals satisfying these criteria 

and used in the exposure analyses include antimony, arsenic, cadQJium, copper, lea~ 

mercury!J and zinc. 

Past health ,and risk assessment investigations have identified the principal environmental 

media for this evaluation. Those media are residential area surface soils, interior house 

dusts, fugitive dust sources, air particulate matter, and groundwater (from wells within or 

adjacent to boundaries of the Populated Areas). The follOwing subsections in this 

chapter address each of the principal media except groundwater. Groundwater 

concentrations are provided in Section 3. Additional media requiring integration in the 

site exposure evaluation include market basket variety produce, public water supplies, 
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local garden produce, and locally caught fish (within the proximity of Lake Coeur 

d~ Alene). These latter media are evaluated in Sections 5 and 6 as. components of the 

risk assessment. 

Results of all site investigations in the residential areas are treated as confidential data. 

This requirement results in the classification and grouping of residential yard soil, house 

dust, and blood lead values according to geographic areas. Early investigations divided 

the site into geographic areas 1, 2, and 3 representing the communities of Smelterville; 

KelloggIWardner/Page; and Pinehurst, respectively (Landrigan et al., 1975 and 1976). 

These groupings were based on elevated childhood lead absorption in 1974 and the 

correlation exlnbited between environmental media concentrations, children's blood lead 

levels, and-distance from the lead smelter facility. Results presented in this section are 

organized in a similar manner with the exception that some neighborhood 

characterization of soil contaminant levels based on legal subdivisions is presented in 

Section 2.1. 

2.1 Soils 

Sampling of contaminated soils in the RI/FS Area has been conducted in periodic surveys 

since 1974. Table 2.1 shows historical soil surveys that were available at the beginning of 

RIJFS efforts in 1985. These data were analyzed and discussed in previous site 

documents (TG 1986b and JEG et at, 1989). 

Several soils investigations have been undertaken in the Rl efforts for this site. Data 

conected to assess contaminant distnbutions in surface soils in the Populated Areas 

include residential yards, parksJ playgrounds, commercial properties, roadsides, railroad 

right-of-ways, and fugitive dusts sources (barren areas). ' limited subsurface 

(contaminants-of-depth) sampling and waste characterization analyses (leachate testing) 

have been conducted at these sites as well. Results of these studies 'are presented in this 

section. 
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Table 2.1 
Selected Soil Studies 

Site 
Within 

I Project Chemical Range of Values 
Study Depth (in) Area Data (ppm for metals) 

IDHW Phase I (1974) 0.5 22 Lead 125-9,000 

I Contact Soi1/Play Areas 22 pH 4.5-6.6 

IDHW Phase n (1974) 0-0.5 69 Lead 62-23,600 

I 
Valley Wide Profiles 0.5-1.5 68 cadmium 1.8-236 

1.5-3 69 pH 3.3-7.0 

IDHW Phase nI (1974) 0.5 194 Lead 84-24,600 

I~ 
City Residential 192 cadmium 2.8-210 

192 Zinc 61-8.000 
192 Arsenic 1-258 
189 Antimony 2-350 r 189 Mercury 0..?-310 

t.. PedCo (1975) 0.5 13 Lead 1,000-33,000 

I 
Valley-Wide Fugitive 
Dust Sources 

IDHW Homesites (1975) 0.5 84 Lead 126-15,200 

Ie 
City Residential 84 cadmium 2-124 

84 pH 4.5-7.3 

IDHW Homesites (1977) 0.5 10 Lead 199-9,643 

I~ 
aty Residential 10 cadmium 2-136 

IDHW Passive Areas 0.5 30 Lead 1,000-52,923 
(1977) 21 cadmium 10-506 

I~ PES (1979) 0.5 29 Lead 5DP-36,983 t Valley Wide Fugitive 26 cadmium 1-319 
Dust Areas 

I IDHW Passive Areas 0.5 14 Lead 540-5,720 ':'<! 

(1979) 

It lDHW Homesites 0-6 64 Lead 3441,200 
-t:, Promes (1983) 1- increments 64 cadmium <1.0-475 

64 Zinc 103-11,040 

I[ IDHW Homesites (1983) 1 226 Lead 53-41,200 
City Residential 232 cadmium 4-510 

232 Zinc 62-9,847 

• Adapted from TerraGraphics. 1986b. 
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The Non-populated Areas RI effort has characterized both surface and subsurface soil 

contamination in areas outside the cities. These data include samples from the smelter 

complex, hillsides, and river floodplain. These results are not presented in this chapter, 

but are briefly discussed in Section 4 of this document (see Table 4.12 for Non-populated 

Areas RI Tasks). 

Soil sampling has been conducted in both phases of the Populated Areas RI. Phase I RI 

efforts conducted in 1985-87 included: 

• 1986 ftFast Track" Sites for Interim Remedial Measures-Publicly accessed 
sites suspected as sources of direct contact lead exposure or fugitive dusts 

• - 1986-87 Residential Soil Survey-Residential properties in Smelterville, 
Kellogg, Wardner, and Page 

• 1986 Fugitive Dust Sources-Major barren areas and waste piles on the 
valley floor 

• 1987 Residential Soil Cores 

Phase n efforts included: 

• EPTox and TCLP testing of residential soils 

• 

• 

• 

• 

• 

• 

• 

Resampling of 1986 Fast Track Sites 

Selected residential yard sampling for mercury and organics screening 

1989 Residential Soil Survey-Residential properties in Pinehurst and 
Elizabeth Park 

Commercial properties 

House and school building interior dust 

Street shoulders 

Railroad right-of-ways 
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2.1.1 1986 Interim Remedial Measures (Fast Track) 

2.1.1.1 The 1986 Removal Action 

The 1983 Health Study (PHD, 1986) indicated that residual soil and dust contamination 

were the primary sources of excessive lead intake among children. Based on these 

results, and working with local officials, initial soil sampling and remedial efforts in the 

project area were directed at public access areas frequented by children. This action was 

referred to as Interim Remedial Measures (IRM) or ''Fast Track" Activities. In order to 

, provide local input to the overall Superfund effort at the Bunker Hi1l site, the Shoshone 

County Commission organized the Silver Valley Superfund Advisory Task Force. The 

Task Force, made up of local citizens, first met in May of 1985 to discuss the selection of 

high priority sites within the Bunker Hill project area. Local public works' and elected 

officials were subsequently requested to develop a list of publicly accessed sites that 

might present a hazard to young children via exposure to contaminated soils or blowing 

dust. 

Fifty-eight sites were identified as barren or dusty play areas or potential sources of 

windblown dust that could impact young children in Kellogg, Wardner and Smelterville. 

Twenty-nine of these sites, believed to be publicly owned, were selected for sampling and 

analysis and considered for remedial action. Surface soil composite samples were 

collected from each of these sit~s. Top-inch mineral soils results for those sites 

eventually remediated are shown in Table 2.2. Most of these sites had soil lead levels in 

excess of the CDC warning statement, suggesting that concentrations in excess of 500 to 

1,000 p,glgm lead could result in excess absorption in young children (CDC, 1985). 

These results were applied in combination with other criteria to rank the several sites for 

cleanup priority. The criteria included: 

• Intensity of site use by children 
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• 

• 

• 

Level of soil contamination based on concentration and toxicity of the 
contaminants, and potential for direct contact exposure 

Potential as a source of windblown dust based on a vegetative cover, size of 
site and soil particle si?e 

Size of childhood population residing nearby or regularly using the site 

Table 2.2 

LEVELS OF HEAVY-tETAl COIITMIItATIOIt 
iDUCER IILl FAST TRACK SllES - IIWIO 

Site and Name SOil Sampling Results 
(Highest measured value in pglgm) 

Lead Cadmi IJI'I Zl ne 

Kellogg Sites 

Kl Teeters Field 2863 25 1310 
)(2 Station Avenue 11100 189 9500 
K4 Memorial Par-k- 2278 37 1950 

little League Field 
10 430 K5 Junior High School 605 

little Field 
K7 Old Hi 10 Shoulders 2410 20 10800 
l<8 Memorial Park- 2563 27 851 

K9 
Playground Area 
Riverside Park 1205 10 485 

1(10 Gold Street Park 215 1 207 

Wardner' Sites 

WI Main Street Shoulders 2237 15 14600 
liZ Old Wardner School 2560 32 5830 
W3 Lot Adjacent to Wardner School 5230 6 1170 

Smelterville Sites 

SI Silver King School 14500 93 13200 
52 McKinley Avenue Shoulder 24000 126 26000 
53 City Part - Grassed Area 844 11 427 
S4 City Park - Barren Play Area 8310. SO 4730 
55 Turnout - West of City Part 6150 36 9340 
59 washington Street Shoulders 3960 4l 3980 

Adapted fran Weston, 1986. 

The Bunker Hill Fast Track sites were subsequently divided into two grQups of 20 high 

priori1y sites and 9 lower priority sites. Seven of the sites were deleted from the initial 

remedial action list following input from the local Task Force. Preliminary engineering 

alternatives and cost estimates for remedial measures were then developed for the 
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remaining 22 sites. The 16 sites listed in Table 2.2 were remediated in the summer of 

1986. Remedies included a 6-inch removal of contaminated ~oils and replacement with 

clean materials and sod in parks and playgrounds, and asphalting or gravel cover of 

roadsides and parking lots. A summary of the 1986 Fast Track effort can be found in 

Weston, 1986. 

2.1.1.2 Recontamination Studies 

Two efforts have been undertaken to assess recontamination at those IRM sites since the 

summer of 1986. The remediated properties included several publicly-owned parks, 

playgrounds, roadsides and school yards. In August of 1988, two years after remediation, 

one of the site PRP's collected surface material composites from the several ,sites and 

compared-the results to the pre-remediation contamination levels used by the USEP A 

and IDHW in evaluating the site for remediation in 1986 (Dames & Moore, 1989a). 

Maps and photographs were used to identify the exact locations where the soils were 

replaced and sample points were located that best represented each area. Four types of 

sampling surfaces were identified by Dames & Moore (1989a) as follows: 

1. Bare Soils - The top 1/8 inch of soil was collected using a stainless steel 
trowel and placed in a whirlpac . 

2. 

3. 

4. 

Vegetated Soils - Litter and surface soil to O.S-inch deep were collected 
rising a trowel and placed in a whirlpac. Live grass samples were collected 
using stainless steel scissors and placed in a whirlpac. Thatch (dead grass) 
was collected by hand and placed in a whirlpac. Thatch formed a mat over 
the litter layer. 

Gravel (or bark) - Gravel (or bark) was placed onto a No. 200 mesh sieve 
screen using a stainless steel trowel. The screen was shaken and the dust 
and soil particles were collected in a staInless steel pan. Dust and soil 
particles were placed in a whirlpac and ,sealed. 

Paved Areas - Samples were collected by sweeping soil into a dust pan 
using a fine-hair paintbrush and placed in a whirlpac. 
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At the laboratory, the minus 200 mesh fraction was separated from the soil and litter 

samples by sieving. This was performed to isolate the fine particle fraction that might 

best represent dust deposited on the soil. The samples were analyzed for the following 

metals: antimony, arsen.i<; cadmium~ copper, lead, mercury, silver, and zinc. 

Some of these same sites also were sampled in Phase II of Populated Areas RIJFS in the 

summer of 1989 to evaluate the extent of recontamination at the surface and at the 

- interface of the clean replacement soil and the original subsurface (CH2M HILL, 199Od). 

Six sites were selected where 6-incb soil removals, replacement with clean soils and 

sodding was the selected remedial alternative. Soil cores were collected and then 

sampled from five soil profile intervals in this effort. Those depths included: 

1. Utter (where present) 

2. 0-1 inch of soil 

3. Middle of fill material 

4. Bottom of fill material 

5. Top of cut (original base material). 

Table 2.3 summarizes the original (pre-remediation) concentrations, remedial material 

(clean fill) concentrations, and the two recontamination assessment efforts for lead at the 

"Fast-Track" remedial sites. Appendix A2.1 shows complete metal results for both 

efforts. 

The few litt~r samples that were collected suggest recontamination rates of 10 to 

100 pg/gmIyr lead. No recontamination was evident in either the top inch or middle of 

the soil fill on sodded sites or play fields.. Some recontamination was evident at the 

interface of replaced soils and top of the original cut. Whether this was due to 

contaminant migration, mixing at the time ,of placemen4 or imprecise layering of the 

sample is unknown. 
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Tab182.3 
1986 Fast-Track SIte Remediation Efforts and Lead Recontamination Surveys 

Recontamination Survels 

1985 USEPAlIDHW 1988 1989 
Pre-remediation Remedial Dames & Moore. 1989a CH2M Hill. 1990d 

Site levels Actlon(a) Sam21e Results Sample Results 

Wardner School Core Core Core 
Ball Park 2560 ppm 6- removal North Sodded Area Sodded Area 1 2 :3 
Wardner-W2 replacement 

and sodding Grass 3.9 ppmPb litter 114 ppm 235 ppm 71 ppm 
litter 21 ppm Pb 0-1 Inch 22 ppm 41 ppm 43 ppm 
Soli 37 ppmPb Middle Fill 57 ppm 42 ppm 32 ppm 
Thatch 23 ppm Pb Bottom Fill 143 ppm 56 ppm 225 ppm 

Top of Cut 25100 ppm 5330 ppm 3500 ppm 
Southside 

Grass 4.2 ppm Pb 
Litter 21 ppm Pb 
Soli 41 ppmPb 
Thatch 41 ppmPb 

Core Core Core 
Parking Lot 5230 ppm 6" removal Gravel & Dirt Parking Lot 1 2 3 
Wardner - W3 replaced and 

covered with North Side 210 ppm Pb 0-1 Inch 369 ppm 87 ppm 100 ppm 
gravel Duplicate 111 ppm Pb Middle Fill .74 ppm 18 ppm 3170 ppm 

South Side 1720 ppm Pb Bottom Fill 260 ppm 71 ppm 4230 ppm 
Top of Cut 2850 ppm 4850 ppm 603 ppm 



e 

Site 

Washington St. 
Smelterville - S9 

City Park 
Smelterville - 54 

City Park (Continued) 
Smelterville - S5 

Table 2.3 (Continued) 
1986 Fast-Track Site RemecUalJon Efforts and Lead Recontamination Surveys 

1985 USEPAIIDHW 
Pre-remediation 

Levels 

39160 ppm 

8370 ppm 
(In Playground 
area) 

Remedial 
Actlon(a) 

6" removal 
asphalted 

Playground 
6" removal 
covered with 
bark chips 

Turnout 
Asphalted 

1988 
Dames & Moore, 1989a 
Sample Results .. 

Dust from 
Asphalt 
Gravel from 
Shoulder 
North Side 
South Side 

Dust from 
Tennis Court(b) 
Playground 
Bark Chips 

Turnout 
Dust from 
Asphalt 

3240 ppm Pb 

998 ppm Pb 
1210 ppm Pb 

17800 ppm Pb 

792 ppm Pb 

2840 ppm Pb 

Recontamination Surveys 

1989 
CH2M HILL, 1990d 
Sample Results 

No Sampling 

Core Core 
Playground 1 .2 

Bark 552 ppm 1020 ppm 
Middle Fill 403 ppm 19 ppm 
Bottom Fill 128 ppm 148 ppm 
Top of Cut 3510 ppm 4910 ppm 

No Sampling 

Core 
3 

489 ppm 
32 ppm 

169 ppm 
4410 ppm 
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Site 

McKinley Ave 

-.a. 

Smelterville - S2 

Gold Street Park 
Kellogg - K10 

Riverside Park 
Kellogg - K9 

Station Avenue . 
Kellogg - K2 

-~ -~ . .,~, -~.~ .-I 

Table 2.3 (Continued) 

.. . - - -
1986 Fast-Track Site Remediation Efforts and Lead Recontamination Surveys 

Recontamination Surveys 

1985 USEPNlDHW 1988 1989 
Pre-remediation Remedial . Dames & Moore, 1989a CH2M HILL, 1990d 

Levels Actlon(a) Sample Results Sample Results 

24000 ppm 6" remova" Road Shoulders No Sampling 
and gravel Gravel 
fill 

West End-North 1930 ppm Pb 
West End-South 3230 ppm Pb 
Middle-North 3480 ppm Pb 
Middle-South 2740 ppm Pb 
East End-North 3820 ppm Pb 
East End-South 2620 ppm Pb 

216 ppm 6" removal Pea Gravel No Sampling 
replace with 
pe·a gravel Near Fence 1320 ppm Pb 

In Disturbed 
Area 438 ppm Pb 

1205 ppm 6" removal Soli No Sampling 
and replace 

WestSide 35 ppm Pb 
Monkey Bars 56 ppm Pb 
Slide 37 ppm Pb 
Swings 33 ppm Pb 

11100ppm Removal to West End-North 514 ppm Pb No Sampling 
base and. West End-South 408 ppm Pb 
gravel cover East End-North 317 ppm Pb 

East End-South 339 ppm Pb 

~- -
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Table 2.3 (Continued) 
1986 Fast-Track Site Remediation Efforts and lead Recontamination SUiveys 

Site 

Teelers Field 
Kellogg -K1 

Memorial Park 
Kellogg - K4 

1985 USEPAIIDHW 
Pre-remediation Remedial 

levels Actlon(a) 

2863 ppm 6'" removal and 
replacement 
Of Infield 
area 

2278 ppm 61f removal 
Infield 
replaced 

Play areas 
611 removal 
and replaced 

(a) Clean soli lead concentrations 19·ee ppm. 
Clean bark lead concentrations 28 ppm. 

(b) Site not remediated. 

B0lT1l!31026.wk1 

.fI. - - - - -

Recontamination Surveys 

1988 
Dames & Moore, 1989a 
Sample Results 

Infield 70 ppmPb 
Backstop 306 ppmPb 
Duplicate 70 ppmPb 

Infield 138 ppm Pb 
Road(b) 648 ppm Pb 
South Gravel(b) 8800 ppm Pb 
North Gravel(b) 450 ppm Pb 
Playground 80 ppm Pb 

- -

Infield 

0-1 Inch 
Middle Fill 
Bottom Fill 
Top of Cut 

Playground Ar 

Litter 
0-1 Inch 
'Middle Fill 
Bottom Fill 
Top of Cut 

Infield 

0-1 Inch 
Middle Fill 
Bottom Fill 
Top of Out 

1989 
CH2M HILL, 1990d 
Sample Results 

Core Core 
1 2 

22 ppm 77 ppm 
34 ppm 52 ppm 

120 ppm 18a ppm 
4130 ppm 5500 ppm 

Core Core 
1 2 

ppm 173 ppm 
25 ppm 26 ppm 
10 ppm 10 ppm 

324 ppm 25 ppm 
1770 ppm 275 ppm 

48 ppm 51 ppm 
23 ppm 8 ppm 
19 ppm 15 ppm 

921 ppm 2040 ppm 

- - - -

Core 
3 

43 ppm 
9 ppm 

373 ppm 
8350 ppm 

Core 
3 

ppm 
15 ppm 
9 ppm 

26 ppm 
509 ppm 

34 ppm 
9 ppm 

40 ppm 
1760 ppm 

-
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Graveled areas, particularly those used as parking lots, showed significant 

recontamination. Because of the low rates of surface deposition, these increases likely 

resulted from the continual working of the original soil layers below the replacement 

materials or tracking of contaminants onto the site by vehicles. 

2.1.2 Residential Soils 

2.1.2.1 1986-87 Residential Soil Survey 

Extensive sampling of yard soils for the RIfFS was initiated in the 1986-87 Residential 

Soil Survey. The communities of Smelterville, Kellogg, Wardner and Page were surveyed 

in Phase I RI efforts 1986-87. Pinehurst and the additional residential area of Elizabeth 

Park (immediately east of the project boundaries) were completed in 1989 in part of the 

Phase IT RI • 

In both surveys, properties were tracked according to Shoshone County property tax 

records. Maps and master lists of all properties in each municipality were obtained in 

advance of survey activities. Every home in the Phase I communities was targeted for 

sampling. Field crews attempted to contact each homeowner/resident to obtain 

permissioJ,l to sample. If permission to sample was granted, samples were secured. If the 

homeowner or resident refused, the response was noted and the property was bypassed. 

If the homeowner or resident could not be contacted in three successive visits or if the 

home was vacant, the property was bypassed. 

A composite mineral soil and litter sample was collected from pre-selected locations in 

each ~d Eight 3/4-inch-diameter soil cores were obtained, four from each of the front 

and bac:kyards. Samples of the top one inch of mineral soil and litter (decaying 

vegetative material and sad above the mineral soil horizon) were composited separately 

for laboratory process~g. Samples were processed according to current EPA Contract 

Laboratory Program (CLP) pro~dures and analyzed for the following metals: antimony, 

arsenic, cadmium, chromium, copper, lead, manganese, mercury, nickel, selenium and 

zinc. 

2 - 13 



Details of the sampling and laboratory protocols can be found in TG, 1986c; CH2M 

HILL, 199Oa; and TG, 1990. 

In total, more than 64% of all homes in the Phase I communities were sampled in the 

1986-87 survey. Table 2.4 summarizes metals concentration by town for the 1986-87 

survey for soils and litter. Figure 2.1 shows the frequency distn'bution for soil lead levels 

for each community. More than 85% of the properties in these four cities exceed the 

500-1,000 p.g/gm lead warning criteria cited by CDC for lead in soils (CDC, 1985). 

Current directives advise using 500 to 1,000 p.g/gm lead in soil as a cleanup criteria in the 

absence of site-specific dose-response information (USEP A, 1989a). Approximately, 

1,000 to'1,250 homes in Phase I communities are candidates for eventual remediation by 
this criteria.. 

Residential soil survey data were prepared at community meetings in October of 1988. 

Homeowners and residents were notified of their individual property results and invited 

to a public forum for further explanation and discussion. For public presentation, it was 

necessary to use maps and displays that contained no identifiable individual results. To 

meet that confidentiality requirement, neighborhoods based on legal subdivisio.QS were 

defined and summary statistics were developed for geographic areas within the cities. 

Figures 2.2 and 2.3, show non-confidentiaI maps developed to publicly present residential 

yard soil contamination levels for Smelterville and Kellogg.. Table 2.5 shows the overall 

sum.maIy tables from these maps for Smelterville, Page, Wardner, and Kellogg. 

There are 2,236 total parcels and 1,547 homes in these areas; 1,020 (64%) of the homes 

were sampled in the 1986-87 effort. In order to present health risk concepts and to 

provide ~itizens with an idea of how their individual results compared to their neighbors 

and possible health criteria, properties were summarized according to three categories of 

risk based on soil lead concentrations. Table 2.5 shows, per the example criteria, that 

5% of the homes in Smelterville had acceptable soil concentrations «500 p.g1gm Pb), 

14% were recommended for individual consideration (500-1,500 p.g1gm Pb), and 81% 
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Table 2.4 

SUlltARY OF 1986/87 RESlDEllTIAL SOIllETAL CONTAMINATION lEVELS -
. PHASE I CIHIIIITIES 

SlELlERVILLE 

Concentration, pg/gm, dry wt. (pg/gm) 
------------------------------------------------------------------Arith. Sean. Background 

Metal ~ Median Mean 95%ile Min. Max. I Mean 
----------------------------------------------------------------------------------------

As 11 tter 1 ayer 75 68 63 175 7 366 196 
mineral soil 59 55 52 126 3 254 200 < 10 

Cd 1i tter 1 ayer 95 81 80 225 5 430 196 
mineral soil 41 34 33 101 2 208 200 0.8 

Cu mineral soil 101 88 87 215 11 371 200 28 

Kg mi nera 1 soil 6 5 4 18 0.4 50 199 0.1 

Pb 1"1 tter 1 ayer 6440 5560 5190 15900 276 46500 196 
mi nera 1 soil 3580 3010 2690 10400 202 16100 200 43 

Sb mineral soil 16 12 11 34 1 559 200 1 

Zn 11 tter 1 ayer 1710 1590 1520 3430 256 7740 196 
mineral soil 914 852 774 2185 134 4220 200 95 

ICELLOGG* 

Concentration, pg/gm, dry wt. (pg/gm) 

----------------------------------------------------------------.-Ar1th. Gean. Background 
Metal Mean Median Mean 95%ite Min. Max. N Mean 

-----.. _--------------------.. _---------------------------------------------------------
As litter layer 53 49 48 94 5 285 767 

mineral soil 59 54 53 109 . 4 267 771 < 10 

Cd 1 i tter 1 ayer 42 40 38 76 3 160 767 
minerai son 23 21 20 46 1 113 771 0.8 

Cu mineral soi 1 85 73 73 166 1 1280 771 28 

Hg mineral soil 4 3 3 8 0.3 14 771 0.1 

Ph litter layer 3560 3310 3084 6840 146 12600 767 
mi nera 1 soil 2796 2440 2265 6050 123 17800 771 43 

Sb mineral soil 12 10 9 25 1 164 771 1 

Zn 11 tter 1 ayer 1225 1110 1117 2270 194 7800 767 
mineral soil 851 741 733 1840 139 3860 771 95 

* Includes Ross Ranch 



Table 2.4 (Continued) 

SlMWr{ OF 1986/87 RESlDEITIAI.. SOIL IETAL COIITAMINATION lEVELS - PHASE I CtHlJflITIES 

WNDIER 

Concentration, /IIJ/t;JfI. dry wt. (pg/t;JfI) 
--------------------------------------------_._------------------

Arith. bean. Background 
Metal Mean Median Hean 95%i1e Min. Max. ft Hean 

----------------------------------------------------------------------------------------
As 11 tter 1 ayer 39 33 35 73 12 102 92 

m1 nera 1 soil 53 47 45 no 14 248 92 < 10 

td litter layer 18 18 16 40 2 51 92 
mineral sot 1 13 12 11 29 2 33 92 0.8 

Cu mineral soil 79 ·60 63 167 17 805 92 28 

Hg mineral soil 2- 2 2 6 0.2 6 92 0.1 

Ph litter layer 1720 1360 1330 4500 144 9460 92 
mi nera 1 soil 2040 1500 1450 5710 151 13200 92 43 

Sb mineral soil 17 7 7 27 2. 663 92 1 

In litter layer 1250 1200 1100 2670 273 3250 92 
mineral soil 912 820 773 2030 176 4190 92 95 

PASE 

Concentration, I4/t;JfI. dry wt. (14/9111) 
-----------------------------------------------------------------

Arith. bean. Background 
Metal Hean Median Mean 95%i1e Min. Max. I Hean 

---------------------_ .. ----------------------------------------------------------------
As· H tter 1 aye!" 26 23 24 45 11 94 50 

mineral soi 1 28 25 26 50 11 81 50 <: 10 

td litter layer 19 19 17 36 4 38 50 
mineral soil 12 11 10 29 1 30, 50 0.8 

til lIIineral soil 62 51 51 140 16 238 50 28 
t 

fig mineral soj] 2 1 1 4 0.2 7 50 0.1 

Ph litter layer 1250 1150 1040 3050 127 3580 50 
mineral soil 1090 810 808 3220 53 3480 50 43 

Sb lIIineral soi 1 7 5 5 16 2 32 50 1 

In litter layer 1510 1140 1150 4040 179 4820 50, 
mineral soil 1060 8:'0 771 3090 107 4050 50 95 

. BOI1790/049.51-pc/jlllt 
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FIGURE 2.1 

Frequency Distn"bution of SOU Lead Levels 
by Town for Residential Yard Soils 

Concentrations represent tange between. listed value and previous value. 

Kellogg Yard SoU Lead Distribution 
Number ot Yards $ of Yards 

:!150 315 

2001---- ~----·--------------·--~28 

0.15 1 2 3 4 15 C 7 8 9 10 "0 
Lead Concentration Range. JJ9/gm x 1000 

Smelterville Yard Soil Lead Dist .. 
Number of Yards $ of Yards 
~ ~ 

0.5 1 2 3 4 1:1 e 7 8 9 10 "0 
Lead Concentration Range.lJg/gm x 1000 

Wardner Yard Soil Lead Dist. 
Number of Yards $ of Yards 
~r-------------------------~~~~ 

301----

----------------~20 

------··--------------~10 

Wm~mU~~um~~~o 
1 2 3 4 5 0 7 a 9 10 '10 

Lead Concentration Range. JJg/gm x 1000 
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FIGURE 2.1 (Continued) 

Frequency Distribution of Soil Lead Levels 
by Town for Residential Yard Soils 

Concentrations represent range between. listed value and previous value. 

Page Yard Soil lead Distribution 
Number of Yards 'l. of Yards 

25 46 

------------------------~oo 

27 

---------------------~~1e 

~~--------------~o 
~ 1 2 3 " 6 6.7 8 Q ~ ~ 

Lead Concentration Range. ~g/gm x 1000 

Pinehurst Yard Soil Lead Dist .. 
Number of Yards 'l. of Yards 

---------------------~10 

--~----------~----~o ~ 1 2 3 4 6 e 7 8 Q ~ ~ 

Lead Concentration Range, J.IQIgm x 1000 

Bizabeth Park Yard Soil lead Dist 
.~~~~~~ ________________ 'l.~Of~Ya=r~ds 
Ii' &e 

--------------------------~~ 

----·----------------121 

---- ------····---i14 

0-6 1 2 3 " " " 7 8 9 10 '10 
Lead Concentration Range. J.IQIgm x ,1000 
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All sites - summory 
# Residences 271 
fI Sampled 200 
Average Soil Pb 3700 
# < 500 ug! gm S7. 
II 500-1500 uS! gm 147. 
fI > 1500 ug!gm 817. 

....- PAGE 
All sites Summary 

II Residences 65 
H Sampled 51 

'Average Soil Pb 1042 
H < 500 ug!gm 277-
H 500-1500 ug!gm 477. 
It > 1500 ug!gm 267. 

FIGURE 2.3 

F-OOOO. r-0050. f-0150, 

Sampling Status ond Top Inch Mineral Soil lead Summary 

1986 - 1981 Residentiol Soils Survey 

F' -0200, f -0250 
Miller Amd. Addition 
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SmeltervllIa Townsite 
Eichels Addition , 
Sweeny Townsite 

, 

/Ie Residences 75 
(; Sampled 47 
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iJ < 500 ug!gm 4'7-
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# > 1500 ug!gm 907. 

Soil Leod Level ug!gm (ppm) 

SMELTERVILLE, 10. 
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Summary of Soil Lead Levels by Neighborhood - Smelterville 
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Table 2.S 

Residential Yard Sallpling Status 
and lead Coot_nation Smaary 

by Town (Phase I RI) 

Kellogg* 

# residences 1076 
# sampled 677 
Avg Soi 1 Pb(pg/gm) 2800 
% < 500 pg/gm 2% 
% 500-1000 pg/gm 9% 
% > 1000 pg/gm 89% 

Smelterville 

# residences 271 
# sampled 200 
Avg Soil Pb(pg/gm} 3700 
% < 500 pg/gm 5% 
% 500-1000 pg/gm 7% 
% > 1000 ~g/gm 88% 

* Includes Ross Ranch. 

Wardner 

I residences 131 
i sampled 92 
Avg Soil Pb(pg/gm) 2100 
% < 500 pg/gm 10% 
% 500-1000 pg/gm 21% 
% >1000 pg/ gm 69% 

Page 

I residences 65 
I sampled 51 
Avg Soil Pb(pg/gm) 1042 
% < 500 pg/gm 27% 
% 500-1000 pg/gm 36% 
% > 1000 pg/gm 37% 

All Sites - Combined 

# residences 1543 
f sampled 1020 
Avg Sof 1 Pb(pg/gm) 2800 
% < 500 pg/gm 5% 
% 500-1000 pg/gm 11% 
% > 1000 pg/gm 84% 

were candidates for remediation (> 1,500 lLg/gm Pb). Similar results can be obtained for 

Page and Wardner or specific neighborhoods in Kellogg and Smelterville from Figures 

2.2 and 2.3. 

2.1.2.2 1989-90 Residential Soil Removal 

Additional residential properties were sampled in 1988-90 as part of emergency removal 

activities accomplished in the summers of 1989 and 1990. Eighty-one yards and two 

apartment complexes were remediated in 1989 as part of a program to reduce exposures 

to young children and pregnant women in the Phase I communities. Residences were 

selected for remediation based on the combination of the residence housing a pregnant 

woman or child under three years of age and having an excessive soil lead level. The 
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program was continued in 1990 and extended to homes with children under nine years of 

age. An estimated 130 additional homes have been remediated in the summer of 1990. 

'Removals have consisted of a one-foot excavation and removal of yard soils, replacement 

with clean top soil, sodding, and replacement of the yard features to original condition. 

Garden locations were excavated to depths of 18 to 24 inches and then replaced with a 

clean layer of top soil. 

Approximately 15% of these homes were not surveyed in the 1986-87 effort and samples 

were obtained as part of the removal efforts. These results were not included in 

Tables 2.4 and 2.5 or Figures 2.2 and 2.3 because of differences in sampling methodology 

and reporting of results. Table 2.6 summarizes the removal effort by town for 1989-90. 

2.1.2.3 Pinehurst and Elizabeth Park 

The City of Pinehurst and the unincoI:porated residential area of Elizabeth Park were not 

included in the original 1986-87 Residential Soil Survey. Previous soil and blood lead 

surveys had indicated that these areas were at substantially lower risk to excess 

absorption than those in the Phase I communities. Residential soils in Pinehurst and 

Elizabeth Park were sampled in 1989. 

Table 2 .. 6 

~ of Properties ~iated in 1989-90 RfIINals 

1989 1990 

'# of Properties Range of Pb levels I of Hanes Range of Ph levels 
Town Remediated in SoUs Replaced Remediated in Soi 1 Replaced 

Kellogg 56 454-10400 pfJlfIII 98 500-24500 pfJlfIII 
Smelterville 11 356-8250 14J/]: 21 500-12800 I4JJfID 
Page 3 1500-1640 pfJ fill 3 SOO-1510 pg/fIII 
Wardner 5 587-876 pg/gm 16 500-22700 pg/gm 
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These communities were scheduled for blood lead screenings in 1990 and additional 

environmental media data were collected beginning in 1989 (CH2M HILL, 1990d). 

Residential soil samples were collected from 100 homes in Pinehurst and 27 homes in 

Elizabeth Park. Property tax records were also obtained and these areas are being 

added to the site property parcel tracking system. Table 2.7 shows metals results for soils 

and litters in these two communities. 

2.1.2.4 Mercury and Organic Survey 

Limited soil sampling was conducted during 1989 in Smelterville, Kellogg, Wardner, Page, 

Pinehurst, and Elizabeth Park to support analyses for extractable organic compounds, 

chlorinated pesticides, PCBs, and mercury. Appendix A2.2 presents summary statistics 

for the parameters detected by area. Most organic analytes were not detected. 

However, occasional detections are noted for phthalate esters (plasticizer compounds), 

some polynuclear aromatic hydrocarbons (i.e., naphthalene, phenanthrene, fluoranthene, 

pyrene, benzo(b) fluoranthene and benzo( a )pyrene as constituents of fossil fuels and 

their combustion products), and polychlorinated biphenyls (PCBs as components of 

dielectric fluids). Chlorinated pesticides were detected in several samples in each town. 

For those pesticides observed, the frequencies of detection in various zones range from a 

low of 14% for aldrin, lindane, and heptachlor to a high of 100% for DDT isomers and 

metabolites, chlordane, and heptachlor epoxide. Greatest concentrations and frequencies 

of detection for pesticides in soils were found in Smt;:lterville, Kellogg, and Wardner with 

significantly lower levels in Page. Risk assessment for pesticide exposures. in remaining 

residential soils is not presented in this document pending additional sampling and 

analysis. 

2 - 23 



Table 2.7 

SlMWtY Of 1989 RESIflEI{fIAl SOIL METAL CONTAMINATION LEVElS - PHASE II OIKINITIrs 

ElIlABEl1I PARK 

Concentration, pg/gm. dry wt. (pg/gm) 
----------------------------.------------------------------------

Aritn. Geom. Background 
Metal Mean Median Mean 95%i1e Hin. Hax. N Mean 

----------------------------------------------------------------------------------------
As mineral soil 29 22 23 94 9 131 27 < 10 

Cd mineral soil 10 11 9 16 2 18 27 0.8 

Cu mineral soil 47 41 43 81 24 116 27 28 

Hg alineral soil 1 1 1 2 0.1 3 27 0.1 

Pb mineral soil 799 734 679 2060 91 2090 27 43 

Sb lIlineral soH 10 7 9 21 5 32 27 1 
~ 

In lIlineral soil 440 453 406 680 142 704 27 95 

PllIEHURST 

Concentration, pg/gm. dry wt. (pg/gm) 
-----------------------------------------------------------------

Arith. Geom. Background 
Metal Mean Median Mean 95%ile Min. Max. N Mean 
------------------------~---------------------------------------------------------------

As mineral sol 1 30 21 23 73 7 123 100 < 10 

Cd lIli nera 1 soil 6 6 5 13 1 37 100 0.8 

eu lIlineral soil 43 40 39 85 17 167 100 28 

Hg mineral soil 0.5 0.4 0.4 1 0.1 4 100 0.1 

Ph IIlineral soil 683 501 463 1250 63 7990 100 43 

Sb lIineral soil 9 7 8 19 5 41 100 1 

Zn lIli nera 1 soi 1 474 394 389 1060 99 2300 100 95 
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2.1.3 Commercial Properties and Roadsides 

Phase II RI efforts in the summer of 1989 also included sampling a number of 

commercial properties and roadsides within the Populated Areas. The purpose of this 

sampling effort was to ascertain the extent of contamination on commercial lots and 

along various roads, and to evaluate the potential for contaminant transport and 

recontamination from these areas (CH2M HILL, 199Od). 

All soil surfaces around commercial establishments within the project area where a 

confidentiality agreement could be obtained were surveyed. In total, 89 properties were 

sampled. Where possible, three samples were collected from each property. Those 

included Q- to I-inch composite of mineral soil from two sub-sites, a 0- to 6--inch 

composite from one of the two sub-sites and a 6-- to 12-inch composite taken from the 

same location as the 0- to 6-inch sample. The first two samples were obtained at all 

sites. In some cases, the third sample was not obtained because of auger refusal. Using 

these techniques, 283 samples were obtained, including quality assurance/quality control 

(QNQC) samples. 

These samples were analyzed by a portable X-ray Fluorescence (XRF) technique 

documented in CH2M HILI..., 199Od. Twenty-nine samples were split and analyzed by 

EPA-CLP methods at the laboratory. Tables 2.8a, 2.8b, and 2.Se summarize the CLP 

laboratory results for commercial properties. 

Only a small number of samples (29) were analyzed by CLP techniques, and not all 

samples from differing depths at the same location were analyzed. As a result, the values 

indicated in Tables 2.8a, 2.8b, 2.8c can only provide a qualitative sense of contaminant 

levels on commercial properties in the three cities. Lead levels in Smelterville 

commercial areas varied from 1,100 to 18,000 p,g/gm, in Kellogg from 384 to 25,100 

p,g/gm, and in Pinehurst from 234 to 1,350 p,g/gm. Cadmium levels were from 10 to 1~9 

p,g/gm in Smelterville, 3 to 107 ILg/gm in Kellogg, and 3 to 19 f,Lg/gm in Pinehurst. 
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Table 2.8. 
Commerefa. Proptl1y Soli Mcfall SIll11DW'1 

SmelfenlUe 

Concentr.tlon (Nlsm. d., wt) 
1 

ArIthmetic Geometric 95 Background 

Element SamElo Deltrte'lon Mean Median Mean PortlnO .. MInimum Maximum N Mean(a) 

AJI, Minerai $Oil, o· to (i-Inch depth 114.4 96.40 52.8 176 2 <10 

Mineral soil. 6· 10 12-lncb depth 178 178 1 

Cd Mineral $011. O· to 6-lnch depth 79.55 38.79 10.1 149 2 0.8 

Mineral 1011, 6· to 12·ineb depth 58 58 1 

Cr Mineral wll 0 35.0 

Cu Mineral $011, O· to 6·incb depth 347 245 101 593 2 28.0 

Mineral lOll, 6- to 12·mch depth 454 454 1 

Hg Minera.lOiI, (). to '·inch depth 4.96 2.00 0.42 9.5 2 0.1 

MlneraJ SOil, 6- 10 12·jncb depth 9.2 9.2 1 

Mn Mineral soU 0 1333 

Ni Mineral soil 0 23 

Ph Mineral soil, O· to '.inch depth 60S:; 3494 lllO HOOO 2 43.0 

Mineral 1011, 6· to 12·lneb depth 18000 18000 1 

Sb Mineral soli, O· to '·Ineb deptb 36.9 24 8.8 65.0 2 1.1 

Mineral soli, 6- to 12-ineb dcpth 78.5 78.S 1 

Se Mineral soil 0 

Zn Mineral toll, (). to '·Ineb depth 3985 3024 1390 6S8O 2 95.0 

Mineral soli, 6- fo J2-lneb depth 9490 9490 1 

Note: All statistical calculations were conducted using detection limits as actual values. 

(8) Gott and C8thrall, 1980 • 
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Table 2.8b 

Commerelal Property Soli Metall SullUUllJ1 
Kellogg 

Con«nCraUon (11r!gm. dJ:)' wt) 
I 

ArUbmelJc Geometrk 9S Background 
Element Sample Description Mean Medlan Mean Pereentllt Minimum Maximum N MeIlP(II) 

As Mineral soll,l).lo I-Inch depth 119 69.6 99.2 61.7 227 3 <10 
Mineral soil, 0- to 6-inch depth 72 42.1 47.4 14 172 6 
Mineral soli. 6- 10 12-inch depth 48 45.8 43.3 '20 79 5 

Cd Mineral soil, 0- to 1-lnch depth 55.2 57.0 49.S 25.7 82.9 3 0.8 
Mineral soil, I). to 6-inch depth 2l.6 8.4 11.9 3.1 77.1 6 
Mineral soli, 6- to 12-inch depth 31.1 12.2 17.0 6.2 107 5 

Cr Mineral soil 0 35.0 

en Mineral soil, 0- 10 I-inch depth 340 172 254 133 716 3 28.0 
Mineral SOil, 0- 10 6-lnch depth 102 79 70 26 289 6 
Mincral soli, 6- to 12-lnch depth 206 213 137 40 470 5 

Hg Mineral soli, 0- to I-inch depth 4.6 5.4 3.9 1.6 6.7 3 0.1 
Mineral soil, 0- 10 6-inch depth 1.5 0.6 0.7 0.1 5.7 6 
Mineral soil, 6- to 12-inch depth 7.0 1.3 2.6 0.4 ZO.3 5 

Mn Minerai soil 0 1333 

Ni Mineral soil 0 23 

Pb Minerai soil, 0- to I-Inch depth 6146.7 4710 5666.6 3950 97SO 3 43.0 
Mineral soil, 0- 10 6-inch depth 5564.7 1247 1735.8 384.0 25100 6 
Mineral soil, 6- to 12-lnch depth 6768 6510 3474 590 18700 5 

Sb Mineral soil, 0- to I-inch depth 47.4 35.2 41.2 <24.0 82.9 3 1.1 
Minerai soil, 0- to 6-inch depth 20.9 9.7 12.5 <5.2 74.1 6 
Mineral soil, 6- to 12-inch depth 32.7 29.3 23.5 <6.1 69.6 5 

Be Mineral soil 0 

Zn Mineral soil, 0- 10 I-inch depth 3876.7 3210 3189.3 1450 6970 3 95.0 
Mineral soil, 0- to 6-inch depth 2387.0 533 868.5 211.0 9100 6 
Mineral soil, 6 to 12·lnch depth 1874 1870 1371 348 3240 5 

Note: All statistical calculations were conducted using detection limits as actual values. 

Source: 

(II) Gott and C8thraU,l980. 
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Tablt:Uc 
Coaunf:fela. Propeny80Jl Meklra SUmmaI'J 

Plnebunt 

ConeenttafioD (\1&I'rcm. dry wt.) 
1 

,ArIthmetic Goometrk 9' Badcground 
Element SamEt. Deteril!tlon Mean Median Melln Pereentlle MInimum Maxlmam N Mean· 

Ita Mineralaoil. (). to l·lnch depth 56.2 56.2 s:u 40.1 72.3 2 <10 
Mineral 11011, O· lO 6-inch depth 26.4 22.2 41.8 9.2 59.S 5 

Cd Mlnera'BOiI, o· to 1·lnch depth 11.9 11.9 11.8 11.2 12.5 2 0.8 
MineralBOi~ o· to 6-fnch depth 7.4 6.2 8.6 2.8 19.1 5 

Ct Mlneralaoll 0 35.0 . 
en MineraI $Oil, (). to I·inch depth 87.4 87.4 80.6 5:3.7 121.0 2 28.0 

Mineral $Oil, O· to 6-lnch depth 70.9 34.4 98.1 23.0 253.0 5 

Hg Mineralaoil, O· to 1·lneh depth O.S 0.5 0.5 0.3 0.8 2 0.1 
Mineral d, I). to '·inch depth 1.4 0.27 0.3 0.1 7.2 5 

Mn Mineral soli 0 1333 

Ni Mineral soli 0 23 

Pb Minerai soil, O· to (·incb depth 1250 1250 1246 1150 1350 2 43.0 
Mineral soil, O· lO 6-lneb depth 386.7 328 1139.5 234.0 809.0 5 

Sb Mineral soli, O· to I·ineb depth 15.7 15.7 15.6 14.3 l1.1 2 1.1 
Mineral soil, 0. to 6-1neb depth 9.1 S.8 11.1 <5.2 25.0 5 

Se MineraI soli 0 

Zn Mineral soil, o· to I·inch deptb 1462 1462 1267 733 2190 2 95.0 
Mineral soil, I). to 6-lneh depth 765.2 308 1694.5 239.0 2490.0 S 

Note: All statistical calculations were conducted ualog defection limits as actual values. 

Source: 

(a) Golt and Catltrall. 1980. 
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Arsenic levels ranged from 53 to 178 J.l-g/gm in Smelterville, 14 to 227 J.l-g/gm in Kellogg, 

and 9 to 72 J.l-g/gm in Pinehurst. These concentrations are all consistent with metals 

levels observed in residential area soils. 

Surface samples (top-inch) from curbless road shoulders along streets in different 

portions of the project area were also collected during the Phase II RI effort. The first 

sample site on a selected road was 0.1 mile from where the road entered or began in the 

project area. Subsequent sampling sites were every 0.2 mile thereafter until the road 

ended or exited the project area. At each sample site, two samples were taken--one 

from each side of the road. If a curb was present on one side of the road, a single 

sample was taken. This resulted in 129 sites being sampl~d. Including QNQC samples, 

a total of ~81 samples were analyzed by XRF and 27 samples were split and analyzed by 

CLP techniques. 

Top-inch surface samples were also collected from 20 sites along the railroad right-of­

way. One sample was collected in Elizabeth Park, eight in Kellogg and eleven in 

Smelterville. In Kellogg and Smelterville, sample sites were 0.2 mile apart. Samples 

were collected from the cardinal points (points located 90 degrees apart) of two I-meter 

arcs, with an arc located on each side of the track. AIl of the cardinal point samples 

from both arcs (eight sub-samples) were composited. These samples were analyzed by 

XRF, and the samples with the two highest lead concentrations, the two lowest, and the 

two median lead concentrations were split for CLP analysis. Including QNQC samples, 

a total of 25 samples were analyzed by XRF, with nine samples being sent to the CLP. 

Table 2.9 summarizes CLP Laboratory results for ·road shoulders, railroad right-of-ways, 

and street sweepings. 
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Table 2.9 -. SUIIWlY l1.OH) SHOIJI.D£RS Mn RAIlROAD RIGHT-OF-WAY SPWLE SURVEY 

Sb As Cd Cu Pb fig Zn 
pg/gm pg/gm pg/gm pg/gm pg/gm pglgm fJlJlgm I Road Shoulder 

Smelterville 9.4 19.4 3 33.9 249 1.3 220 

I Smelterville 41.7 115 14.2 186 6970 3.8 2590 
Smelterville 32.1 50.8 26.9 499 2410 0.06 10100 
Smel tervi He 40.5 71.7 61.5 274 4970 0.08 4770 
Smelterville 46.2 261 312 1950 10200 2.4 23600 
Smelterville 534 810 481 2820 60100 26.2 20200 I Kellogg Sunnyside 8.6 36.2 16.2 106 1590 0.52 1560 
Kellogg Sunnyside 19.8 103 22.6 291 2280 0.35 5360 
Kellogg Old Town 34.8 110 31.1 214 7430 3.8 2710 
Kellogg Old Town 5.9 31.8 28.1 161 1990 0.94 3270 

I Kellogg Old Town 22.6 102 26 305 4D70 0.79 7210 
Wardner 5.2 44.4 12.2 352 1300 0.16 8550 
Pinehurst 23.2 87.1 11.2 131 1010 0.24 2220 
Pinehurst 9.4 19.4 9 84.9 725 0.3 1520 
Pinehurst 13.6 47.1 10.5 290 1020 0.11 674D I Pinehurst 18.2 85.9 24.5 475 1580 0.06 9980 
Pinehurst 5.2 41 9 814 425 0.38 18700 
Pinehurst 12.4 149 12 570 735 0.46 12300 
Pinehurst 36.7 85.1 11.2 596 2110 0.46 10600 
Pinehurst 21.7 95.2 36.2 700 3560 0.6 10900 I Page 5.2 23.2 9.2 203 480 0.14 4390 
Page 5.2 24.9 11.8 487 595 0.16 11600 
Page 5.2 47.7 65.4 842 1380 1.3 22500 
Eli zabeth Park 7 15.1 5.2 99.9 329 0.28 2200 

eI Elizabeth Park 9.5 36.4 IB.9 631 1060 0.14 14700 

Railroad Right-of-Way 

Smelterville 60.9 185 41.8 407 17600 15.4 4510 I Smelterville 58.4 205 43 360 13400 5.9 4110 
Kellogg Old Town 18.9 75.6 33.8 205 8530 2.3 3470 
Kellogg Old Town 99.5 396 344 1080 44900 8.3 43500 
Kellogg Old Town 38.2 249 27.9 233 8390 4.9 3170 I Elizabeth Park 7.3 44.4 10.7 75.1 2710 1.6 1060 

Street Sweeper Dust 

Smelterville 8.4 47.2 16.8 135 l560 1.8 2910 t Smeltervi 1) e 31.3 148 7.7 475 2230 0.93 10800 
Smelterville 31.4 70.1 21.5 437 1930 0.7 10700 

'I 
The concentration of metals in roadside samples shows considerable variation, both I 
geographically and within towns. Samples from Smelterville ranged from 249 to 

60,100 p,g1gm. Pb, 3 to 487 p,g/gm Cd, and 19 to 810 p,g1gm As. Samples from the I 
Sunnyside Area of Kellogg averaged 1,935 p,g1gm Ph, 19 p.g1gm Cd, and 71 p,g1gm As. 

I 
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Old Town Area samples averaged 4,497 p.g/gm Pb, 28.6 p.g/gm Cd, and 81p.g/gm As. 

Wardner and Pinehurst area samples were notably lower averaging 1,385 p.g1gm Pb, 

15 p.glgm Cd, and 73 /Lglgm As. Samples of street-sweeper dust showed lead contents 

from 1,560 to 2,230/Lg/gm and zinc levels exceeding 10,000 p.g/gm (1%). The latter 

concentrations are likely indicative of slag use on local roadways. 

Railroad right..of-way samples showed high metal concentrations throughout the site. 

Concentrations ranged from 2,710 to 44,900 /Lg/gm Pb, from 44 to 396 /Lg/gm As, 1,060 to 

43,500 p.g/gm Zn, and 11 to 344 p.g/gm Cd. These results are indicative of spilled ores 

and concentrates and could represent both a direct contact and contaminant migration 

hazard. 

21.4 Fugitive Dust Sources 

The migration and transport of contaminated solids from the smelter facility, industrial 

complex and other fugitive dust sources are a major concern in both the Populated and 

Non-populated Areas of the site. Wind~lown dusts are potentially significant 

contnbutors to contaminant concentrations in human receptor media in the Populated 

Areas and have been identified as a major source of public complaint. Many of the 

identified fugitive dust sources are barren soils and impounded wastes and storage piles 

that can result in significant amounts of re-entrained dusts. 

Eighteen major barren areas identified as having a potentially significant impact on the 

residential areas were sampled during remedial investigations in 1986. Table 2.10 

identifies the areas sampled, the respective size of each area, the number of samples 

colleCted, summary statistics for lead content in the minus 200 mesh portion of the 

sample, and the average percentage (by weight) that passed the 200-mesh sieve. 

Complete metal results can be found in CH2M HILL, 1990b and Appendix A2.3. No 

sample exlubited less than detectable levels of antimony, arsenic, cadmium, copper, lead 

and zinc.. Locations of the fugitive dust source areas are provided in Figure 2.4. 
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Table 2.10 

~ITIVE DUST SOURCE AREAS 

Hap 1.0. f of Area lead Cone (pg/gm) % of Sample 
Nl.IlIber Site Name Samples (Acres) l1in Mean Max < 200 Mesh 

6 Vacant lot west of 8 9 13400 19900 26600 15% 
Hineral Subdivision 

7 Undeveloped area near 4 6 1160 1810 2500 26% 
the Junior H1gh School 

8 27 30900 49100 68400 28% 11 Area near Shoshone 
Apartments 

6 40000 43400 48700 22% 12 Water treatment plant 4 
13 parking lot west of 4 6 212000 232000 252000 30% 

Concentrator Building 
117 5530 25300 51% 15 Central Impoundment 20 150 

Area (North Beaches) 
18 Bunker Creek Corridor 12 33 10300 19300 42400 31% 
19 Old homesite area 8 9 6560 21100 47500 47% 
20 Old GypSlI!I Pond 8 29 8050 62000 85800 18% 
21 New GypSIIII Pond 12 61 78 2160 10900 30% 
25 - Slag pile 12 26 1370 10700 18200 15% 
33 Outdoor theater 8 83 2950 9190 15900 18% 
34 Airport 24 232 11100 15500 28200 29% 
38 Smelterville Corridor 16 127 11600 19800 32700 33% 
39 River Channel flats 12 70 3970 5340 6310 6% 
44 Page Ponds 12 36 2560 4350 6550 68% 
46 Page Swamp 4 44 3850 4710 6000 57% 

Smelterville 9690 15100 25400 14% 

Highest metal concentrations among fugitive dust sources were found adjacent to the 

concentrator building, with the lead concentration averaging about 230,000 p.g!gm (23%), 

and arsenic and cadmium levels each at approximately 10,000 p.g!gm (1%). Dust content 

for this sample was high with 30% of the solids passing a 2OQ..mesh sieve. The 

surrounding areas (11 and 12) also have relatively high metal contaminant levels that may 

be related to emissions from the concentrator area. Barren areas near Shoshone 

Apartments (Area 11) and the Water Treatment Plant (Area 12) exhibit approximately 

49,000 p.g!gm (4.9%) and 43,000 p.g!gm (4.3%) lead in surface dust, respectively. The 

arithmetic mean lead concentration for all fugitive dust source areas is 28,400 p.g!gm 

(28%). Source areas near the smelter complex and throughout the river flood plain 
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routinely exhibited levels in excess of 2% lead. Percent of sample solids to pass 200-

mesh ranged from 6 to 68%, averaging 30% for all samples. 

The metals concentrations and silt content levels exhibited are extremely high. 

Consequently, these sources are a major health concern for the area. They represent 

both a direct contact hazard to humans accessing the sites and are, likely, primary 

sources of continuing contamination to soils and household dust media in the Populated 

Areas. Emission rates and potential impact estimates have been developed for these 

sources and are presented in Section 4 of this report as contaminant fate and transport 

issues. 

2..2 Results of Air Investigations 

2.2.1 Air Quality Monitoring 

2.2.1.1 NAAQS Monitoring 

Ambient air monitoring fur Total Suspended Particulates (TSP) and lead have been 

conducted at the Bunker Hill Site pursuant to National Ambient Air Quality Standards 

(NAAQS) since 1971. These data have been summarized in JEG et a1, 1989. 

Table 2.11 shows historical TSP and lead results for the site. Figure 2.5 shows historical 

lead concentrations for select stations. Ambient lead loadings were significantly higher 

during smelter operations years and particularly in 1973-74 when smelter air pollution 

control was defective. Figure 2.6 shows monitor locations for the several studies 

discussed in this section. 

Since smelter closure, ambient TSP and lead levels have generally been within primary 

NAAQS requirements. TSP values ranged from 30 p,g1m3 to 70 p,g1m3 on an annual basis 

with dally values ranging to 900 p,g!m3. Atmospheric lead concentrations have ranged 

from 0.1 /Lg!m3 to 0.5 p,g!m3 on a quarterly basis with dai1y observations as high as 

2.8 /Lg!m3• Particulate levels vary on a seasonal basis with the highest levels observed in 

July through October. Secondary peaks are noted in late winter or eady spring, 
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Table ~.11 (Page 1 of 5) 
Air Concentrations of Lead and TSP 

(p.g!m3) 1971.1988(8) 

Lead (TSP) 

Quarterly Average 

Highest 
Annual 24-hour Number of 

Year 1 2 3 4 Average(d) Average Observations 

Kellogg Medical Clinic 1971 6.1 (151) 5.1 (108) 5.5 (122) 16.0 (102) 8.2 (118) 41.8 (287) 31(34) 

1972 5.6 (125) 7.9 (112) 9.3 (147) 12.4 (165) 9.6 (139) 23.1 (362) 38 (39) 

1973 16.2 (147) 9.7 (148) 15.0 (192) 19.3 (122) 13.2(b) (151) 34.9 (4.51) 35 (7B) 

1974 1.9 (123) 13.0 (123) 12.2 (145) 10.4 (122) 11.9(c) (128) 42.5 (503) 122 (140) 

1975 7.1 (96) 5.3 (82) 6.0 (96) 11.2 (94) 7.4 (93) 53.1 (244) 144 (131) 

1976 7.1 (96) 4.2 (107) 9.4 (lOB) 9.4 (115) 7.5 (274) 25.4 (716) 107 (107) 

1977 9.6 (116) 6.6 (91) 4.2 (74) 6.7 (68) 6.8 (88) 22.5 (211) 91 (91) 

1978 5.9 (80) 2.4 (71) ·4.2 (79) 9.2 (105) 5.4 (84) 36.5 (343) 102 (103) 

1979 8.3 (92) 4.9 (98) 4.8 (96) 5.4 (96) 5.9 (%) 29.0 (364) 106 (107) 

1980 6.8 (101) 3.3 (603) 4.6 (124) 8.7 (117) 5.9 (235) 27.1 (10,3BO) 91 (101) 

1981 6.7 (106) 2.4 (60) 2.2 (114) 5.0 (83) 4.1 (91) 16.1 (446) 56 (61) 

1982 0.37 (64) 0.39 (55) 0.18 (47) 0.16 (41) 0.28 (51) 2.1 (166) 61 (61) 

1983 0.24 (101) 0.21 (114) 0.12 (71) 0.18 (88) 0.19 (54) 0.68 (163) 57 (57) 

1984 0.16 (117) 0.12 (B6) 0.09 (64) 0.12 (82) 0.12 (47) 0.41 (142) 57 (57) 

1985 0.17 (135) 0.08 (55) 0.13 (139) 0.15 (80) 0.13 (57) 0.56 (226) 61 (61) 

1986 0.16 (151) 0.15 (83) 0.13 (670) 0.30 (81) 0.19 (55) 1.12 (229) 59 (50) 

1987 0.23 (85) 0.12 (81) 0.13 (57) 0.18 (96) 0.17 (51) 0.67 (110) 55 (600) 

1988 0.11 (104) 0.07 (70) 0.14 0.10 0.11 (45) 1.01 (120) 70 (70) 



Table 2.11 (Page 2 of 5) 
Air Concentrations of Lead and TSP 

(p,g/ml) 1971-1988(11) 

Lead (TSP) 

Quarterly Average 

Highest 
Annual 24·hour Number of 

Year 1 2 3 4 Average(d) Average Observations 

Silver King School 1974 22.9 (175) 32.0 (173) 19.0 (155) 25.5 (172) 125.7 (631) 55 (56) 

1975 15.5 (126) 12.4 (97) 17.1 (122) 18.8 (110) 16.0 (U3) 61.0 (453) 144 (132) 

1976 12.7 (126) 11.5 (113) 18.5 (128) 16.7 (136) 14.9 (125) 82.1 (718) 110 (UO) 

1977 14.9 (128) 15.8 (99) 12.1 (84) 13.0 (87) 14.0 (100) 63.0 (291) 95 (95) 

1978 10.6 (78) 6.2 (64) 7.0 (87) 19.0 (167) 10.7 (108) 138.4 (1,408) 106 (106) 

1979 13.5 (100) 8.0 (91) , 11.1 (114) 10.4 (101) 10.8 (101) 63.9 (427) 106 (106) 

1980 13.3 (125) 4.1 (58) 9.2 (135) 13.7 (119) 10.2 (177) 98.6 (5,072) 92 (103) 

1981 11.8 (106) 3.7 (58) 6.5 (135) 7.9 (84) 7.5 (96) 32.8 (528) 56 (62) 

1982 1.8 (42) 1.0 (45) 0.51 (44) 0.20 (25) 0.88 (39) 7.7 (118) 59 (59) 

1983 0.27 (59) 0.26 (75) 0.13 (71) 0.13 (56) . 0.20 (37) 1.9 (122) S5 (55) 

1984 0.17 (57) 0.10 (70) 0.15 (59) 0.07 (52) 0,12 (33) 0.91 (108) 55 (55) 

1985 0.12 (55) 0.12 (46) 0.16 (140) 0.35 (84) 0.19 (41) 2.8'(266) 62 (62) 

1986 0.18 (51)' 0.16 (71) 0.40 (77) 0.45 (56) 0.30 (36) 1.8 (129) 60 (60) 

1987 0.53 (53) 0.19 (66) 0.36 (39) 1.3 (94) 29 (29) 
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Table 2.11 (Page 3 of 5) 
Air Concentrations of Lead and TSP 

(p,glm3) 1971-1988(8) 

Lead (TSP) 

Quarterly Average 

Highest 
Annual 24-hour Number of 

Year 1 2 3 4 Average(d) Average Observations 

Pinehurst School 1974 7.7 (175) 4.6 (137) 6.1 (153) 22.3 (507) 65 (65) 

1975 3.3 (88) 1.8 (80) 3.9 (108) 3.2 (91) 3.1 (93) 15.5 (222) 138 (127) 

1976 3.3 (89) 1.3 (83) 3.8 (87) 5.0 (131) 3.4 (96) 19.9 (235) 105 (105) 

1977 4.9 (115) 2.9 (89) 2.3 (77) 4.2 (100) 3.6 (94) 20.9 (371) 85 (86) 

1978 3.0 (84) 10.0 (59) 1.6 (64) 5.1 (107) 2.7 (78) 21.7 (215) . 102 (102) 

1979 4.6 (88) 1.7 (78) 3.1 (106) 2.9 (97) 3.1 (92) 22.9 (256) 105 (106) 

1980 2.4 (116) 0.9 (422) 2.2 (121) 3.3 (123) 2.2 (198) 9.6 (7,148) 90 (100) 

1981 1.5 (132) 0.7 (64) 1.0 (113) 1.5 (104) 1.2 (103) 10.2 (413) 56 (61) 

1982 0.29 (203) 0.07 (102) 0.09 (93) 0.17 (72) 0.16 (117) 0.81 (561) 62 (61) 

1983 0.22 (194) 0.09 (84) 0.08 (71) 0.17 (129) 0.14 (SO) 0.45 (278) 57 (57) 

1984 0.12 (169) 0.06 (77) 0.08 (75) 0.09 (142) 0.09 (70) 0.28 (196) 56 (56) 

1985 0.15 (206) 0.07 (73) 0.07 (76) 0.11 (147) 0.10 (78) 0.34 (234) 60 (60) 

1986 0.11 (234) 0.09 (64) 0.09 (72) 0.09 (122) 0.10 (80) 0.34 (372) 60 (60) 

1987 0.12 (175) 0.04 (75) . 0.08 (66) 0.08 0.08 (77) 0.23 (196) 60 (46) 

PMlO 1986 -. (375) 

PM 10 1987 -- (67) -- (189) 



Table 2.11 (Page 4 of 5) 
Air Concentrations of Lead and TSP 

(pg/ml) 1971"1988(8) 

Lead (TSP) 

Quarterly Average 

Highest 
Annual 24·hour Number or 

Year • 1 2 3 4 Average(d) Average Observations 

Smelterville City Hall 1911 5.7 (243) 3.5 (153) 7.9 (185) 5.8 (153) 5.7 (126) 14.9 (385) 29 (36) 

1912 13.2 (231) 10.7 (199) 7.0 (218) 14.0 (615) 11.2 (173) 54.5 (1075) 38 (38) 

1973 13.0 (179) 15.8 (308) 20.6 (38.5) 23.8 (265) 16.5 (164) 40.0 (496) 25 (68) 

1974 1.4 (164) 14.5 (3S7) 16.3 (291) 12.2 (374) 11.1 (152) 50.0 (615) 100 (106) 

1915 10.7 (293) 5.8 (156) 9.4 (165) 10.0 (201) 9.0 (102) 41.2 (309) 144 (133) 

1976 8.3 (333) 6.3 (231) 12.3 (169) 12.3 (19.5) 9.8 (121) 26.9 (451) 108 (108) 

1911 11.6 (221) 9.4 (162) 6.8 (125) 8.1 (142) 9.1 (100) 29.6 (250) 91 (91) 

1918 1.6 (118) 3.8 (135) 4.8 (243) 14.6 (151) 5.4 (86) 30.9 (452) 80 (80) 

Kellogg City Hall 1971 8.8 (111) 3.5 (104) 5.7 (109) 12.3 (121) 7.0 (106) 33.8 (222) 45 (51) 

1972 ~~ (183) .N (1) 

1973 9.8 (124) 14.5 (148) 20.7 (109) 14.3(c) (129) 102 (481) 72 (77) 

1974 2.8 (141) 13.3 (124) 10.8 (129) 11.2 (125) 11.8(0 (128) 53,9 (501) 109 (114) 

1975. 7.9 (92) . 5.7 (86) 5.9 (91) 12.0 (89) 7.9 (89) 77.S (243) 130 (121) 

1976 7.1 (91) 4.1 (96) 8.3 (91) 9.4 (116) 1.2 (101) 32.1 (370) 112 (112) 

1977 .10.9 (122) 6.4 (78) 4.6 (68) 6.1 (77) 7.0 (86) 29.6 (205) 84 (88) 
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Table 2.11 (Page 5 of 5) 
Air Concentrations of Lead and TSP 

(p,g/m3) 1971-1988(a) 

Lead (TSP) 

Quarterly Average 

Highest 
Annual 24-hour 

Year 1 2 3 4 Averag~(d) Average 

Kellog (continued) 1978 6.2 (84) 2.9 (57) 3.5 (66) 10.3 (110) 5.7 (82) 39.5 (511) 

1979 9.0 (89) 5.1 (97) 4.0 (84) 5.2 (89) 5.8 (90) 40.8 (198) 

1980 6.9 (111) 3.1 (370) u (243) 32.6 (5,084) 

(a) Source: EPA, 1989i (EPA Aerometric'Information Retrieval System (AIRS) Air Quality Subsystem Quick Look Report). 
(b) Assuming a fourth quarter concentration of 19.3 p.yJm3 (Wee, 1986) yields an annual average concentration of 15.1 p,HJ.m3• 

(c) Assuming a first quarter concentration of 19.3 p,glm3 (Wee, 1986) yields an annual average concentration of 13.7 p,glm3• 

(d) The annual average was calculated as the arithmetic mean of the available quarterly averages. 
(e) Ignoring the first quarter average yields an annual average concentration of 14.3 p.glm3• 
(t) The first quarter concentration was not used in calculating the annual average. 

B0n774/034.SIIJmc 

Number of 
Observations 

93 (93) 

108 (108) 

44 (55) 
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Figure 2.5 
Annual Mean Air Lead Concentrations 
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depending on wind speeds and surface moisture conditions. Lead levels have generally 

followed TSP readings in recent years with levels being highest near the smelter complex. 

2.2.1.2 Event Monitoring 

For several years, investigators have noted extreme atmospheric particulate and lead 

loadings associated with high wind events and dry surface conditions in the valley (pedeo, 

1975; PES, 1977; von Lindern, 1980; TG, 1986a). Regulatory authorities have received 

numerous complaints regarding windblown dusts from the smelter complex, Central 

Impoundment Area (CIA), and Smelterville Flats. Several RIJFS efforts were 

undertaken to investigate these wind and surface-related events. .In the Populated Areas 

RI, a TSP monitoring network was assembled in 1986 and 'Operated during the 1987 and 

1989 seasons. The purpose of the network was to: 

• Identify major sources of toxic elements, including lead, cadmium, and 
arsenic, by monitoring upwind and downwind from suspected sources. 

• Assess health impacts for the populations living close to known toxic 
windblown dust sources. 

• Operate the monitors and meteorological systems in order to collect and 
measure particulates during windy periods. 

Specifications and operating plans for the monitoring system can be found in TO 1986<1; 

CH2M HILI.., 1987; CH2M HILL, 199Gh). 

The 1987 monitoring network consisted of 10 TSP monitors and a meteorological station 

located within the site boundaries. The locations ot the monitors are shown in 

Figure 2.6. The monitor numbers and location descriptions are listed in Table 2.12. In 

1989, the network was modified by eliminating the Kellogg Visitors Center location (#6) 

and adding PM10 monitors at the Drive-In Theatreffruck Stop (#5a) and Kellogg Middle 

School (#7a). 
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Monitor 
Number 

1 
2 
3 
4 
5 
5a 
6 
7 
7a 
8 
9 

10 

Table 2.12 

EVENT SAMPlER I«lHITORING 

location Description 

Pinehurst School 
Smelterville Sewage lagoon 
Silver King School in Smelterville 
Mine Timber Company at Smeltervi 11e 
Drive-In Theatre/Truck Stop North of Smelterville 

Collocated PH-10 
Kellogg Visitors Center 
Kellogg Middle School 

Collocated PH-10 
Mineral Subdivision in Kellogg 
Shoshone Apartments in Ke 11 O9g 
Collocated sampler at the Shoshone Apartments 

in Kellogg 

. . 
In order t~ investigate particulate loadings associated with windblown dusts, total 

suspended particulate samples were collected daily, between 12:00 p.m. and 8:00 p.m. 

(PDT), from July 6 to October 31, 1987. This time period was selected based on typical 

wea~her and 'wind trace patterns for ~e area. Sixty-five percent of wind speeds 

exceeding 6 mph occurred during the 12:00 noon to 8:00 p.m. period during the sampling 

season. See Section 2.2.3 for meteoroiogical monitoring results. 

In 1987, a total of 1,210 filters were collected ~or TSP analysis including quality assurance 

and quality control samples. TSP concentrations are summarized in units of micrograms 

per cubic meter (p.g!m3
) for the 8-hour period in Table 2.13a. In 1989, 576 filters were 

collected between July 7 and October 15. TSP concentrations for 1989 are summarized 

in Table 2.13b. 

Table 2.13a shoWs that for the 12:00 noon to 8:00 p.m. ~onitoring period, TSP loadings 

averaged from 55 Ilglm3 at the Kellogg Visitor's Center (#6) to 87 Ilglm3 at Pinehurst 

(#1) for the July to November 1987 season. Maximum loadings occurred on 

September 2, 1987, for all locations and ranged from a low of 589 Ilglm3 at Pinehurst to 

915 Ilglm3 at the Mine Timber (#4) location. Table 2.13a also shows that the majority of. 

loadings throughout the year at all the sites, exc.ept Pinehurst, are less than 50 JLglm'3. 
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The frequency of low readings «50 Ilgfm3
) ranges to as much as 76% of the 

observations at the Kellogg Middle School (#7). From 84 to 93% of the readings at all 

stations except Pinehurst are less than 100 p.g1m3
• The percentage of readings exceeding 

150 JLglm3 for all stations ranged from 4 to 9% of the observations. 

Table 2.l3a 

1987 AIR tIJIIIlORIIIG TSP MTA (pgJriJ) 

Monitor' Number-

1 2 3 4 5 fi 7 8 9 16 

MinilUll 13 10 8 10 4 11 fi 8 5 fi 
Average 87 76 71 79 71 55 58 68 70 69 
KaxilUll 589 853 821 915 811 722 904 691 690 744 

frequency Distributions 

loading 
Range (Jlg/~) 

0- SO n 42 68 70 60 60 84 88 61 58 56 
% 36 59 60 52 52 72 76 53 54 55 

50 - 100 n 41 39 29 39 37 24 19 42 32 30 
% 41 34 25 34 32 21 16 36 30 29 

100 - ISO n 18 4 10 6 11 3 4 7 9 8 
% 16 3 9 5 9 3 3 6 8 8 

Over ISO n 9 5. 7 11 8 5 5 6 9 8 
% 8 4 6 9 7 4 4 5 8 8 

Table 213b shows that in 1989 mean TSP levels were substantially lower at all stations 

except the collocated site at Shoshone Apartments. Based on an overall average, 1989 

TSP concentrations were about 65 to 90% of corresponding 1987 levels on the east and 

west side of the site, respectively. Maximum levels were much lower, ranging from 278 

to 682 p.g!m3 in 1989, as opposed to 589 to 915 p.g!m3 in 1987. 
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Table 2.13b 

1989 AIR MONITORING TSP DATA (~g/.3) 

Honi tor Number 

1 2 4 5 5a 7 7a 8 9 10 
(PH-IO) (PH-IO) 

Minimum 10 9 8 6 6 0 2 8 0 20 
Average 54 53 54 65 44 43 31 72 66 91 
Maximum 309 349 345 683 321 278 127 390 398 341 

Frequency Distributions 

loading 
Range (pg/m3) 

o - 50 n 45 36 49 42 39 54 43 38 37 7 
% 69 74 71 61 83 78 90 55 56 28 

50 - 100 n 15 9 15 19 4 11 2 16 19 11 
% 23 18 22 28 9 16 4 23 29 44 

100 - 150 n 0 0 0 3 1 0 3 6 6 4 
% 0 0 0 4 2 0 6 9 9 16 

Over 150 n 5 4 5 5 3 4 0 9 4 3 
% 8 8 7 7 6 6 0 13 6 12 

The frequency of high TSP levels, however, was markedly different from 1987 only at 

Pinehurst where the percent of readings exceeding 100 ·1J.g!m3 decreased from 24% to 

8%. These data suggest that frequency of TSP levels were similar for the 2 years, but 

extreme events were less severe in 1989. 

In 1987, extreme days account for a disproportionate amount of the total TSP loading 

observed over the 4-month period. The approximately 15% of days with TSP readings 

exceeding 100 lJ.g/m3 accounted for more than 40% of the total seasonal particulate 

loading in 1987. Days with individual TSP readings above 150 J.Lg!m~ (7% of the days) 

accounted for more than 30% of the total particulate loading for the entire sampling 

period. 
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In 1989, approximately 11% of readings had TSP values exceeding 100 p.g/m3 and these 

days accounted for more than 60% of the total loading for the sampling period. In both 

years these results suggest the major components of airborne particulate loading and 

subsequent migration are event-related. 

In order to investigate the contaminant transport mechanisms associated with peak days, 

the State DEQ analyzed both the particulate loadings and metal content of filters and 

the meteorology from those days where at least one monitor recorded values exceeding 

150 p.glm3 TSP. The concentration value of 150 p.g/m3 was used as the metals analysis 

" threshold level because this was the secondary TSP ambient air quality standard at the 

beginning of the project. Metal analytes included aluminum, antimony, arsenic, barium, 

beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lea~ magnesium, 

manganese, nickel, potassium, selenium, silver, sodium, thallium, vanadium, and zinc. 

Filters conected on the fonowing 19 days were selected for pletais analysis for 1987: July 

15, 17,28,29; August 4, 28; September 2, 17,22, 23, 25, 26; and October 3, 7, 25, 27, 28, 

29, and 30. Filters collected on October 14 and 24, 1987 were inadvertently not selected 

for metals analysis. Only 10 days, all from September and October, were selected for 

1989. Those days included September 8, 13, 15, 16, 25, 26, 27, 28, 29 and October 10, 

1989. 

Complete analytical" results for metals are presented in CH2M ~ 199Oe. A summary 

of these data is shown in Tables 214a and b. Selected metals data are presented in 

concentration units of micrograms per cubic meter. Appendix A2.4 presents the results 

by day for both years with TSP~ select metals loadings, metal content of the captured 

particulate, the mean wind speed and direction for the 8-hour sampling peri~ and the 

1-, 3-, and 6-day precipitation totals. 

The relative impacts of these days ate remarkable. The 19 days in 1987 account for 43% 

of the total TSP loading for the entire 116-day sampling season. The single highest day 

(September 2, 1987) alone accounted for nearly 10% of the total monitoring season 
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loading. In 1989, the peak 10 days accounted for 48% of the loading for the 90-day 

monitoring period. 

Table 2.14a 

SlIIWtY OF AIR FILTER tETAlS DATA (I'g/~) 
1987 Event Monitoring 

Monitor Number 
1 2 3 4 5 6 7 8 9 10 

Analyte: Arsenic 

Hl ni mum 0.004 0.005 0.004 0.004 0.002 0.003 0.005 0.004 0.003 0.003 
Average 0.008 0.022 0.020 0.028 0.021 0.017 0.039 0.052 0.065 0.087 
Maximum 0.014 0.176 0.089 0.103 0.095 0.131 0.415 0.287 0.382 0.625 

Analyte: Caanil.lll 

""Minimum 0.001 0.001 0.002 0.001 0.002 0.001 0.002 0.001 0.001 0.001 
Average 0.002 0.005 0.012 0.008 0.010 0.007 0.015 0.018 0.032 0.039 
Maxillltlll 0.002 0.028 0.062 0.033 0.086 0.058 0.151 0.110 0.155 0.237 

Analyte: Copper 

HinimlDll 0.074 0.074 0.056 0.038 0.089 0.017 0.061 0.052 0.044 0.034 
Average 0.204 0.169 0.165 0.109 0.144 0.066 0.130 0.145 0.203 0.184 
Haximum 0.437 0.233 0.489 0.217 0.259 0.172 0.364 0.490 0.616 0.761 

Analyte: lead 

Hinillltl1l 0.041 0.061 0.090 0.047 0.044 0.030 0.033 0.040 0.039 0.031 
Average 0.224 0.703 0.997 1.067 1.059 0.382 0.656 1.214 1.799 2.400 
Maximum 1.713 3.914 8.591 4.955 4.394 2.874 6.263 7.825 10.007 15.460 
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Table 2.14h 

SllllARY Of AIR fILTER METALS DATA (Jlg/~) 
1989 Event Monitoring 

Monitor Nl.Dllber 
1 2 4 5 SA 7 7A 8 9 10 

AnaTyte: Arsenic 

Hinil!lllll 0.004 0.004 0.004 0.004 0.003 0.004 0.003 0.004 0.008 0.012 
Average 0.008 0.007 0.010 0.009 0.006 0.010 0.008 0.031 0.022 0.022 
Maxinun 0.027 0.010 0.032 0.019 0.017 0.028 0.021 0.098 0.059 0.050 

Analyte: CadmilJll 

"inillUll 0.003 0.005 0.003 0.003 0.003 0.003 0.004 0.005 0.005 0.004 
Average 0.006 0.006 0.007 0.006 0.005 0.005 0.006 0.015 0.018 0.024 
MaxillUll 0.021 0.010 0.023 0.014 0.008 0.008 0.009 0.053 0.062 0.094 

Analyte: Copper 

MinillUll 0.064 0.019 0.076 0.048 0.011 0.096 0.019 0.038 0.057 0.092 
Average 0.133 0.119 0.132 0.073 0.045 0.354 0.053 0.121 0.176 0.134 
MaxillUll 0.293 0.185 0.257 0.107 0.117 0.712 0.083 0.217 0.317 0.227 

Analyte: lead 

Mininun 0.058 0.053 0.120 0.078 0.045 0.054 0.027 0.139 0.242 0.180 
Average 0.091 0.103 0.607 0.542 0.193 0.202 0.124 1.544 1.033 1.179 
MaxilllllD 0.189 0.296 3.553 1.611 0.690 0.517 ·0.437 4.157 2.879 4.013 

2.2.2 Deposition Monitoring 

Following the State~s effort, the PRP collected TSP, particulate deposition, and 

meteorological data at the Mine Timber and Kellogg Middle School (#4 and #7) sites 

from November 1987 to November 1988 (Dames & Moore, 1990c). Daily T5P samples 

and continuous wind trace monitoring were conducted and weekly wet and dry deposition 

samples were collected using an Aero Chemetrics Model 301 WetlDry sampler. 

Table 2.15 summarizes TSP statistics for the two stations. These filters were composited 

by week and analyzed for several metals. 
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Table 2.15 

SllllARY TOTAL SUSPEIIDED PARTICULATE lOADINGS (Ilg/af) 
1988 - SlElTERVIUf MINE TIMBER AMO KEllOGG KlOOLE SCHOOl SITES 

SMElTE~VILLE MINE TIMBER (Site '4) 

NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ..... _ .. ________________________ ~-----.... ~s.--&a&----~---________ 
Aritlllletlc Mean 63 53 60 93 55 48 39 47 60 118 123 80 34 
Geometri c Mean 56 48 54 78 45 35 31 40 45 104 79 71 29 
MaxillUll 136 113 121 210 140 185 227 140 214 358 795 189 74 
"tnillUll 20 13 24 24 13 9 10 18 17 52 15 23 15 
NlIIlber of Obs. 23 31 29 29 31 30 31 29 31 31 30 31 7 

KEllOGG MIOOLE SCHOOL (Site '7) 

Artttnetic Hean 38 36 41 62 32 25 29 31 36 53 65 49 18 
Geometric Mean 34 30 35 54 26 21 22 27 28 45 38 41 16 
MaxillUll 78 88 86 128 113 63 165 69 153 228 586 219 44 
Hlnt_ 13 7 12 17 7 5 8 6 11 21 10 17 11 
HlIIlber of Dbs. 21 30 29 29 31 30 31 29 31 31 30 31 7 

Adapted from Dames & Moore, 1990c. 

The composited results are shown in Figures 2.7 and 2.8 and summarized in Table 2.16. 

Complete results can be found in Appendix A2.5. Table 2.17 shows individual metals 

analyses for those filters with TSP loadings exceeding 150 JLg/m3
• 

These results are not directly comparable to the previous year's mOnitoring effort by the 

State DEQ because of the differences in sampling period (8 versus 24 hou:rs and 5 versus 

12 months). However, no inconsistencies between the two sets o( data are obvious. 

2 - 49 



180 

140 

T 120 
S 
P 100 

,ug 80 

m380 

L 

40 

-20 

o 

0.35 

0.3 

E 0.25 
A 
D 0.2 

0.15 
.IIG 

Id 0.1 

0.05 

o 

f-.......... 

FIGURE 1.7 

Weekly Composited Suspended Particulate 
and Air Lead Concentrations - Kellogg 1988 
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FIGURE 2.8 

Weekly Composited Suspended Particulate 
and Air Lead Concentrations - Smelterville 1988 
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Table 2.16 

SIJIIARY OF 1988 WEEXlY COHPOSIl£ TSP UllIDIHG 
All) DRY D£PtlSITION TOTALS 

Kellogg Middle Smelterville 
.schoo) (17) Hine Timber (/4) 

Saspended 
Particulate 

TSP (JJfJ/m3) 
Min 15.3 26.8 

Hean 40.8 69.5 
Max 146.4 225.2 

Cd (J4J/m3) 
Min <.001 <.001 

Hean 0.002 0.003 
MaX 0.005 0.017 

Ph (JJfJ/m'3) 
Min 0.018 0.044 

Mean 0.095 0.312 
Max 0.310 1.35 

Dry Deposition 

Solids (pg/mz/hr) 
178 Min 117 

Hean 1767 2532 
Max 10482 12595 

Cd (pg/mz Jhr) 
Min 0.01 0.02 

Hean 0.08 0.11 
Max 0.65 0.43 

Ph (JJfJ/~/hr) 
Min 0.72 0.82 

Mean 3.99 12.7 
Max 18.3 83.8 

Adapted frOOl Dames & Moore, lSSOc. 

Figures 2.7 and· 2.8 show the seasonal effects in TSP as suspended metal loadings. The 

highest concentrations of particulates occurred in late winter and late summer. 1;'he most 

significant metals loadings in 1988 occurred in"late February and in late August through 

November. 
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Table 2.17 

IIIlIVlDUAl FILTERS WITH TSP >150 1l9/,."i 
Nov. 1987 - Nov. 1988 

SMELTERVILLE MINE TIMBER 

SAMPLE TSP Cd Cd Pb Pb 
DATE (llg/m3) (pg/m3) (llg/gm) (J.l9!~) {Ilg!gm} 
---------------------------------------------------
880906 795.1 0.012 15 3.9 4948 
880903 508.4 0.033 65 5.8 11413 
880829 357.6 0.006 17 1.9 5180 
880820 307.9 0.013 43 3.5 11352 
880825 305.3 0.007 24 2.6 8545 
880907 253.4 0.006 24 1.5 5985 
880512 227.3 0.011 49 1.5 6517 
880909 225.6 0.006 28 1.8 7844 
880727 214.3 0.005 25 1.5 6943 
880222 209.5 0.007 35 0.7 3560 
880224 197.9 0.007 34 0.6 3033 
880223 190.8 0.007 39 0.7 3826 
881021 189.4 0.003 16 0.2 1282 
881003 189.2 0.011 ,59 1.7 9118 
880413 185.2 0.017 90 1.6 8894 
880414 181.8 0.014 78 1.6 8534 
880225 175.2 0.007 41 0.6 3382 
880711 170.6 0.001 5 0.2 1210 
880830 170.1 0.002 13 1.0 5687 
880801 160.9 0.003 18 1.2 7394 
880916 160.1 0.004 24 0.4 2654 
880226 159.4 0.006 37 0.5 3339 
880915 158.9 0.003 21 0.8 5139 
881015 158.3 0.000 3 0.0 181 

KELLOGG MIDDLE SCHOOL SITES 

880906 594.4 0.068 114 1.5 2568 
880906 585.6 0.063 107 1.5 2509 
880829 227.6 0.005 21 0.2 852 
881021 219.0 . 0.010 44 0.6 2721 
880819 208.8 0.001 5 0.1 380 
881021 205.3 0.006 30 0.5 2475 ' 
880512 165.0 0.007 42 0.3 1816 
880907 154.7 0.011 72 0.3 2008 
880512 153.1 0.005 35 0.3 1892 
880711 152.6 0.000 3 0.0 215 
881015 150.8 0.000 2 0.0 88 

Wind speed, direction, and stability frequencies were also recorded for the monito~g 

period. Those data are summarized in Section 2.2.3. These results show that high wind 

speeds in this area tend to occur under particular atmospheric conditions. More than 

75% of all winds exceeding six knots (7 mph) occur under neutral atmospheric conditions 

(C and D stability categories). More than three-fourths of these winds originate from the 
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west in the W, WNW, and WSW sectors. These observations are consistent with the 

meteorological observations associated with dust events in the 1987 and 1989 State DEQ 

event-monitoring efforts. These high wind speeds are also seasonal with 67% occurring 

between March and September. See Section 2.2.3 for a discussion of meteorological 

monitoring. 

Concurrent with the 1988 ambient monitoring, the PRP conducted both wet and dry 

deposition studies during the year November 1987 to November 1988. Wet and dry 

deposition represent the two mechanisms by which particulate matter and air ponutants 

are removed from the atmosphere. Wet deposition occurs by absorption of contaminants 

into droplets of water, fonowed by removal by precipitation (i.e., rain and snowfall). Dry 

deposition.is the uptake of particles and gases accomplished at the earth's surface by soilt 

water or vegetation (for example, settling of dust particles from the atmosphere). 

Particle settling likely accounts for most airborne contaminant migration at this site. 

Dry deposition rates were shown concurrently with TSP and atmospheric metal loadings 

composited by week in Figures 2.7 and 2.8 and summarized in Table 2.16. Total dry 

particulate deposition rates average 2,532 Ilglm1/hr and 1,768 p.g/m2Jhr at the Smelterville 

Mine Timber and Kellogg Middle School sites, respectively. Wet deposition rates 

averaged 484 and 487 p.glml/hr at the Smelterville and Kellogg sites, respectively. More 

than 80% of the total particulate and more than 90% of most metals deposition occurs 

as dry deposition. The remainder of this report discusses either dry or combined 

deposition. The maximum dry deposition rate observed was 12,595 p.glm2/hr at the Mine 

TJIIlber site during the second week of September 1988. Only four metals were observed 

to have dry deposition rates consistently exceeding 1.0 Ilglm1/hr. Those were iron, lead, 

manganese, and zinc with annual average deposition rates at the Mine Timber site of 

132, 12.7,8.6,. and 11.3 ILglm2/hr, respectively. The maximum weekly lead deposition rate 

ob~erved was 83.8 p.glml/hr at the Mine Timber site, also occurring during the second 

week of September. 
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Deposition seems to follow TSP values fairly consistently, However, the best indicator of 

high deposition rates for both total solids and metals seems to be the occurrence of 

severe event days. The highest deposition rates were observed during the weeks that 

also included the severe (>150 Ilglm3) dust event days shown in Table 2.17. The 1988 

data confirm that both total solids and contaminant particulate deposition seem to be 

event-related in a manner similar to the TSP and ambient air metals concentration 

discussed in the last section. At both sites, more than 25% of the total annual solids 

deposition occurred in four individual weeks in 1988. Those included one week in each 

of May, August, September and October. -:t;'he same weeks accounted for 31% of total 

lead, 18% of total cadmium, and 29% of total arsenic deposition. The 1988 seasonal 

data also showed a frequency and magnitude of severe dust events (TSP >300 Ilglm3) 

similar to .that observed in 1987, but absent in 1989. 

These results suggest that deposition, similar to TSP, is event-related with the bulk of 

deposited solids and metals coming as a result of high Wind speeds impacting barren dust 

sources in the vicinity of the monitors. 

2.2.3 Meteorological Monitoring 

Valley meteorology has been well understood since the intensive investigations 

undertaken in the early 19708 by the Bunker Hill Company to develop a sulfur oxides 

supplemental control system for the smelter. Characteristic weather patterns and their 

influence on contamjnant transport and distnbution have been descnbed in Bunker Hill 

Co., 1976 and von Lindern, 1980. The valley meteorology is dominated by the mountain­

valley drainage phenomena. Nighttime surface cooling leads to down-slope winds in the 

evenings as cooler dense air begins to flow downhill and eventually down-valley, setting 

up gentle east-ta-west winds ranging from 1 to 2 mph. A nocturnal inversion layer 

generally forms over this drafuage at elevations varying from 1,000 to 2,000 feet above 

the valley floor. 
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Morning insolation and the associated surface warming initiates fumigation-like 

atmospheric behavior (intense surface-based turbulence) that culminates in inversion 

breakup around 10:00 to 11:00 a.m. in summer months. Continued insolation results in 

warming of the air near the surface and up-slope/up-valley winds. These winds generally 

reach maximum velocity during early to mid-afternoon and reverse direction in the early 

evening. The wind speed and persistence are dependent on the intensity of insolation 

and synoptic conditions. This pattern is evident on more than 80% of the days in the 

valley. The most severe particulate reentrainment episodes occur when regional frontal 

conditions (squall lines) combine with the diurnal patterns to produce extreme wind 

speeds combined with dry surface conditions. This combination is rare (i.e., 5-15 days 

per year), but can occur on afternoons throughout the spring, late summer and early fall 

(especia1lySeptember) depending on synoptic pressure gradients, local heating, and 

recent precipitation factors. On rare occasions (2 or 5 days per year), intense winds' can 

come from the east when synoptic conditions combine with the mountainous terrain to 

produce severe orographic drainage winds. 

Wmd speed, direction, temperature, barometric pressure, and precipitation have been 

monitored at a central valley location (Smelterville Mine Timber Site #4) since June 

1987. The observed wind trace is illustrative of the meteorologic phenomena discussed 

above. Figure 2.9 shows a typical 24-hour wind trace (O=24=midnight) for the site. Low 

nighttime wind speeds «2 mph) are noted. Wind speed increases begin in late moming 

and peak at 7 mph between 1 and 4 P.M. Wmd speeds fall quickly and reverse direction 

shortly after sunset that occurs from 5 to 6 P.M. in the mountain terrain in this season. 

Figure 2.l0a shows the standard windrose for the 1987 sampling period, July to 

November 1987, and Figure 210b shows the annual windrose for 1988. Both of these 

figures show that the predominant wind direction is from the W-WSW. The majority of 

high wind speeds originate directly from the west, particularly in the dry season as 

indicated by Figure 2-10a. 
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FIGURE 2.9 

Typical Daily Wind Speed and 
Direction for the Bunker Hill Site 
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FIGURE 2.10a 
Hourly Average Surface Winds Percentage 

Frequency of Occurrence 
(1987 Event Monitoring Period) 
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FIGURE 2.10b 
Standard Wind Rose - Wind Frequency Distribu~ion 

Nov. 1987 - Nov .. 1988 
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The 1988 meteorologic monitoring effort also estimated Gifford-Pasquill stability 

categories for the various observations. Gifford-Pasquill stability categories empirically 

descnoe atmospheric turbulence as the standard deviation in pollutant concentrations in 

the horizontal and vertical directions as a function of downwind distance. The greatest 

dispersion of contaminants occurs under the most unstable conditions (A-stability). The 

least dispersion, or highest concentrations occur under extremely stable conditions (F­

stability). Neutral conditions, or those where vertical displacement of the atmosphere is 

not enhanced, are represented by C and D stability categories. Table 2.18 summarizes 

Wind Speed, Direction and Stability Category frequencies for the 1988 data base. These 

results show that high wind speeds occur in this valley under fairly wen prescnoed . 
conditions. More than 75% of winds in excess of 7 mph originate out of the WNW, W, 

WNW sectors (up-valley) under C and D (neutral) stability. Most of the remainder 

(14%) of the high wind speeds are directly opposed (down~vaney) out of the E and ENE 

under D stability conditions. 

Table 2.18 
WIll) DIRECTIOIt All) STABILITY FREQUENCIES FOR > SEVEN fIlH WIIIlS 

SMELTERVILLE MINE TlIHR SITE - 1988 

Stability Category 
% of :;.7 mph 

Direction 
winds by 

A B C 0 E F direction 

N 0.02 0.00 0.00 0.00 0.00 0.00 0.1 
NNE 0.02 0.00 0.00 0.00 0.00 0.00 0.1 
HE 0.02 0.04 0.05 0.08 0.01 0.00 1.0 
ENE 0.11 0.02 0.05 0.55 0.10 0.00 4.5 
E 0.11 0.05 0.20 1.33 0.06 0.00 9.5 

ESE 0.07 0.04 0.08 0.26 0.01 0.00 2.4 
SE 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
SSE 0.02 0.00 0.00 0.00 0.00 0.00 0.1 
S 0.02 0.00 0.00 0.00 0.01 0.00 0.2 

SSW 0.04 0.04 0.00 0.02 0.01 0.00 0.6 
SW 0.13 0.19 0.07 0.11 0.01 0.00 2.7 
WSW 0.38 0.74 1.25 1.01 0.05 0.00 18.4 
W 0.47 1.00 2.03 4.45 0.05 0.00 43.0 

WNW 0.25 0.32 0.84 1.50 0.01 0.00 15.~ 
ItW 0.04 0.01 0.07 0.11 0.01 0.00 1. 
NNW 0.02 0.02 0.00 0.02 0.00 0.00 0.3 

tof>7q>h 
winds by 
Stability 
Category 9.3 13.3 24.8 50.6 1.9 0.0 

Adapted fran Dames" Hoore, 1989d. 
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2.3 House Dusts 

Metal contaminant levels in house dusts are available from the 1974, 1975, 1983, and 

1988 IDHWJPHD Health Surveys. Sevei-al sample types were collected in these surveys. 

These data were summarized in JEG et al., 1989. Results used for evaluating population 

exposures in the human health risk assessment are those collected in the domestic 

vacuum cleaner bag. This sample type has been collected in each of the surveys since 

1974. Metals levels in these samples represent concentrations from integrated sampling . 
of areas the homemaker regularly maintains. Table 2.19 presents the mean and extreme 

house dust"metal concentrations for the period 1974 through 1988 grouped according to 

area. Extreme concentrations represent the calculated 95 percentile levels based on a 

log-normal distnbution of house dust metal concentrations. Cumulative distnbution plots 

for 1983 and 1988 house dust lead concentrations are provided in Appendix 3A, 

Figures A3.4 and A3.s. 

House dust metal contamination, and especially lead levels" has decreased markedly since 

1974. For example, the mean house dust lead concentration in Smelterville for 1974 was 

approximately 12,000 p.glgm (1.2%) and has decreased to a mean,IeveI in 1988 that is 

one-tenth the 1974 value (1,200 p,g!gm). Prior to 1981, during smelter operations, the 

primary route for house dust lead contamination was airborne deposition of smelter lead 

particulate matter. Since 1981, house dust metals are associated with soils and reach 

homes via deposition of windblown dilsts or mechanical translocation of contaminated 

residential soils. Several studies indicate house dust lead levels in urban and smelter 

communities (exclusive of those impacted by interior leaded paints) are dependent on 

lead levels in residential soils. JEG et al., 1989 provides detailed analyses of these 

relationships. 
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Table 2.19 

GEOIURIC lEAH All) EXTREME HOUSE DUST !£TAl CONCEKTRATIOHS 
1974. 1975. 1983 AHD 1988 lEAD HEALTH SURVEY (pg/!p) 

As Cd Cu Hg Pb Sb Zn 
---------------------------------------------------------------------------------------------------

1974 

Smelterville Mean 8.0 113.0 17.8 10583 185.0 5432 
(95%ile) (28.5) (503.0) (109.0) (30394) (409.0) (17154) 

Kellogg/Wardner/Page Mean 5.7 65.5 7.3 6.581 174.0 3940 
(95%ile) (40.3) (227.0) (66.6) (23017) (844.0) (9575) 

Pinehurst Mean 3.3 29.5 3.5 2006 120.0 2695 
(95%ile) (15.9) (73.5) (11.9) (5453) (312.0) (6515) 

1975 

Smelterville Mean 42.0 3533 

Kellogg/Wardner/Page 
(95%i1e) (159.0) (21807) 

Mean 44.7 4573 
(95%ile) (122.0) (13521) 

Pinehurst Mean 25.0 1749 
(95%i1e) (81.5) (6694) 

1983 

Smelterville Mean 63.3 3715 2695 

Kellogg/Wardner/Page 
(95%i le) (123.5) (7754) (5070) 

Hean 37.6 2366 2443 
(95%ile) (93.0) (7840) (10373) 

Pinehurst Mean 24.6 1155 1578 
(95%i le) (68.3) (3255) (3301) 

1988 

Smelterville Hean 25.7 15.4 177.0 1.3 1203 18.9 1394 

Kellogg/Wardner/Page 
(95%tle) (80.0) (52.0) (1.073.0) (7.8) (4615) (64.0) (4309) 

Mean 26.3 15.6 167.0 1.3 1450 27.9 1401 

Pinehurst 
(95%i le) (115.0) (47.0) (963.0) (4.6) (8643) (147.0) (5143) 

Mean 
(95%ile) 

- Data not available. Exposure estimates will employ concentration from most recent measurements. 
Source: IDHW 1974. 1975. 1983 and 1989b. 
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3.0 SITE-SPECIFIC CONCENTRATIONS OF CONTAMINANTS OF CONCERN 
COMPARED TO ARARs AND TBCs 

State and federal ARARs (applicable or relevant and appropriate requirements) and 

TBCs (to-be-considered materials) for the Populated Areas of the Bunker Hill site are 

identified and discussed in Section 6 of the PD (JEG et al., 1989). ARARs and TBCs 

are generally referenced as cleanup standards and/or guidelines for remedial actions at 

Superfund sites. The chemical-specific ARARs and TBCs presented in this section are 

those that are expected to be protective of public health. 

Site-specific concentrations of contaminants found in environmental media of the 

Populated Areas are compared to ARARs, when they are available. In addition to the 

laws and regulations, many federal and State environmental and public health programs 
. . 

also develop criteria, advisories, guidances and proposed standards that, although not 

legally binding, may provide critical health-based information or recommendations. 

These materials are referred to as "to be considered" (TBC) materials. In specific cases, 

a risk assessment can be based on the application of health-based criteria derived from 

TBCs. 

ARARs and TBCs referenced in this section are a subset of all chemical-specific ARARs 

and TBCs identified for the Populated Areas. Only the standards and guidelines that 

provide specific numerical values, and for which there are comparable site data, are 

presented. For several of the chemicals of concern and relevant media pathways, 

appropriate ARMs or TBCs do not exist. In those instances, the risk assessment 

process will be used to establish cleanup goals. Site-specific data regarding blood lead 

levels in the resident childhood population are also discussed with consideration of recent 

health-based guidances concerning lead absorption in children. 

3-1 



3.1 Soil and Dust 

There are currently no promulgated laws or standards which provide numerical 

thresholds that serve as ARARs for soil and dust contamination. However, TBCs have 

been developed that address threshold levels of lead in soil and dust. These TBCs 

include: 

• 

• 

Centers for Disease Control (cog SoillDust Lead-Contamination 
Advisory, Preventing Lead Poisoning in Young Cluldren: A Statement 
from the Centers for Disease ControL Atlanta. U.S. Dept. of Health and 
Human Services, January 1985. 

USEPA Guidance Concerning Soil Lead Cleanup Levels at Superfund 
Sites, OSWER Directive #9355.4-02. Office of Solid Waste and 
Emergency Response, September 1989. 

CDC's 1985 statement on childhood lead poisoning provides the following guidance: 

"In general, lead in soil and dust appears to be responsible for blood levels in 
children increasing above background levels when the concentration in the soil or 
dust exceeds 500-1,000 ppm." . 

This advisory is consistent with the September 1989 USEPA (1989a) interim directive 

concerning soil lead cleanup levels at Superfund sites. 

Data representing lead levels in residential yard soils are available from the 1986/87 

Bunker Hill Populated Area RIfFS (CH2M HILL, 199Oa; see Section 4 of the PD and 

Section 2 of this report). The reported concentrations are compared to the CDCI 

USEP A soil lead target levels in Table 3.1. Mean background level of soil lead is also 

provided in Table 3.1 for comparison. Figures A3.1 through A3.3 and Table A3.1 in 

Appendix A present soil lead concentration statistics and distnbutions since 1983. 

Approximately 95% of the residential yard soil lead concentrations in Smelterville, 

Kellogg, Wardner and Page are greater than 500 p,glgm (ppm) and approximately 85% of 

the yard surficial soil lead concentrations are greater than 1~000 p,glgrn. A 1989 survey of 

Pinehurst residential soils shows that approximately 50% of the soil lead concentrations 
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Table 3.1 

Slte.Specifi~ Concentrations of Lead in Soil and House Dust Compared to TBCs 

Soli 
Lead·Contamination 

Advisory Levels(a) 
(Ilg/gm) 

500-1,000 

Dust 
Lead·Contamination 

Advisory Levels(a) 

500-1,000 

Site-Specific Lead Concentrations (b) 1986 .. 1987 

Smelterville 
(Ilg/gin) 

Mean 2,685 
95%ile 10,432 
96.1% > 500 
88.6% > 1,000 

Kellogg/Wardner/page 
(Ilg(gm) 

Mean 1,988 
95%ile 7,021 
95.1% > 500 
83.4% ~ 1,000 

Site· Specific Lead Concentrations(b) 1988 

Smelterville 
(I'g(gm) 

Mean 1,203 
95%i1e 4,615 
90% > 500 
60% > 1,000 

Kellogg/Wardner/Page 
{Ilg/gm) 

Mean 1,450 
95%ile 8,643 
88.5% > SOD 
72.1 % > 1,000 

Background, 
Northern Rural Idaho(C:) 

(I'g/gm) 

Background 
Rural U.S. (d) 

(JLglgm) 

50·500 

43 

Anaconda (e) 

Smelter Site, 
Mill Creek, 

Montana 1987 
(JLg(gm) 

133-470 

(a) CDC 1985; U.S. EPA Guidance Concerning Soil Lead Cleanup Levels at Superfund Sites, OSWER Dir #9355-02. 
Office of Solid Waste and Emergency Response. September 1989. 

(b) CH2M HILL, 1990a; see also Table 4.5 of the Protocol document for soil-lead data; see also Table 4.7 of the 
Protocol document for house dust-lead data. 

(c) Gott and Cathrall, 1980. 
(d) U.S. EPA 1989a. 
(e) Clement Associates, 1987, 

1l01'f7'X.\lOZ,lS lIjmc 



~e greater than 500 Jlg/gm (ppm) and approximately 20% are greater than 1,000 Jlg/gm • 

Soil litter (upper organic layer) lead concentrations are generally greater than those 

exhibited by the associated mineral soils. 

Recent measurements of contaminant levels in residential house dusts are available from 

the 1988 IDHW Health Survey and are discussed in Section 4.3.2 of the PD and in 

Section 5 of this report. Th~ reported concentrations of lead in house dust are also 

compared to the CDC/USEPA soil lead cleanup levels in Table 3.1. Figures A3.4 and 

A3.5 and Table AJ.l in Appendix A present house dust lead concentration statistics and 

distnbutions since 1983. Recent site data (1988) for those homes surveyed (in 

Smelterville, Kellogg, Wardner and Page) indicate that approximately 85% of the house 

dust lead concentrations for the area are greater than 500 p.glgm and approximately 65% 

are greater than 1,000 p.g/gm. 

Data representing the other site contaminants of concern in residential surficial soil and 

house dust are compared to background soil levels (for northern rural Idaho) in 

Tables 5.2 and 5.3. There are currently no ARARs or TBCs for these soil and dust 

contaminants, and thus remedial goals will be based on the results of the site risk 

assessment. > 

ARARs under the Resource Conservation and Recovery Act (~CRA) and Land 

Disposal Restrictions require classification of wastes as either hazardous or 

nonhazardous. EPA has established two fundamentally different mechanisms for defining 

RCRA hazardous wastes: listed wastes and characteristic wastes: 

Listed wastes include specific wastes from non-specific sources, specific 
wastes from specific sources, and commercial chemical products. 

Characteristic wastes are broad classes of wastes which are clearly 
hazardous by virtue of an inherent property. Characteristic wastes include 
ignitability, corrosivity, reactivity, and Extraction Procedure (EP) toxicity. 
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An EP toxic waste is one for which the EP test extract contains concentrations of 

particular constituents of concern above their regul~tory threshold. Similarly, a Toxicity 

Characteristic (TC) hazardous waste is one for which the TC test extract contains 

concentrations of particular constituents of concern above their regulatory threshold. 

Regulations are found in: 

• Resource Conservation and Recovery Act (RCRA), Subtitle C -
Characteristics of Hazardous Wastes. 42 U.S.c. 6901; 40 CFR Section 
261.24 et seq. 

• Idaho Hazardous Waste Management Act (HWMA), Idaho Code Sections 
39-4401 through 39-4432; IDAP A Section 16.01.5005 

• Resource Conservation and Recovery Act (RCRA), Subtitle C -
Characteristics of Hazardous 'Yastes. 40 CFR Section 261.24 et seq. 
March 29, 1990 Federal Register (Effective date for TC rule is 
September 25, 1990). 

The RCRA TC rule supersedes the EP rule as of September 25, 1990; however, the EP 

metal constituents and their regulatory levels are being retained under the TC rule. 

Metal conStituents and their regulatory levels (in mgIL) are: 

arsenic 
barium 
cadmium 
chromium 

5.0 
100.0 

1.0 
5.0 

lead 
mercury 
selenium 
silver 

5.0 
0.2 
1.0 
5.0 

Comparison of residential soil characteristics in terms of EP toxicity test results to 

regulatory levels is found in an IDHW memorandum dated June 20, 1990, presented in 

Appendix B. That comparison concludes that soil wastes resulting from removal of the 

top 6 or 12 inches of soil from residential yards are not a RCRA characteristic hazardous 

waste. 
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3.2 Air 

3.2.1 Clean Air Act (CAA), 42 U.S.C. Sections 7401 et seq.; National Ambient 
Air Quality Standards (NAAQS), 40 CFR Part 50. 

The Oean Air Act, and standards promulgated pursuant to the Act, the NAAQS, have 

been identified as potential MARs for the Populated Areas of the Bunker Hill site (see 

Section 6 of the PD). 

3.2.1.1 NAAQS for Chemicals of Concern 

Ambient air quality data for the site is presented in Section 4 of the PD (JEG et al., 

1989). Ambient air concentrations for lead and total suspended particulates (TSP) since 

1971 are reported in Table 2.11 as results obtained from the Idaho Air Quality 

Monitoring Network, operated by the Air Quality Bureau of the Division of Environment 

of the Department of Health and Welfare. Ambient air concentrations for some of the 

other chemica1s of concern have been estimated by developing metal-to-lead ratios 

utilizing air quality and dust data from various site studies (USEP A, 1989i; Cooper et aI., 

1980; Ragaini et at, 1977; WCe, 1986; Dames & Moore, 19908; and CH2M HILL, 

199Oe). Estimated mean airborne metal concentrations are compared to background air 

quality data and presented in Table M.2. 

Lead ~ the on1y chemical of concern with an identified NAAQS. The NAAQS for lead 

is a 3-month (quarterly), arithmetic mean concentration of 1.5 p.g!m3
• Comparison of the 

standard to recent air measurements for lead (in Table 2.11) shows the site to be in 

conformance with current regulations. 

The USEPA has recently proposed a revision to the NAAQS for lead (USEPA, 1989c). 

The suggested revision lowers the NAAQS to a monthly average of 0.5 f,Lg/m3
• The 

reassessment of the NAAQS for lead considers an evaluation of alternative standards 

based on the health risks associated with children's blood lead levels at and above 
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10,ttg/dl. The USEP A Clean Air Scientific Advisory Committee (CASAC) (USEP A 

1990a) has also indicated that health effects associated with blood lead levels above 

10 ,ug/dl in sensitive populations clearly warrant concern. The value of 10 ,ugldl refers to 

the maximum blood lead permissible for all members of sensitive groups, and not 

population mean or median values. The CASAC recognizes that there is no discernible 

threshold for several health effects associated with absorption and that biological changes 
I 

occur at levels lower than 10,ug Pb/d} blood. Given that lead is a toxin with no beneficial 

biological function, CASAC strongly recommends a public health goal of minimizing the 

lead content of blood to the extent possible through reduction of lead exposures in an 

media of concern. Table 211 shows that in 1987 the first quarter mean lead 

concentration exceeded the proposed revision to the NAAOS (0.5 p.g/m3) at the Silver 

King School monitor. 

While site characteristics are in conformance with the current NAAQS for lead, other 

concerns are identified relative to episodic wind transport of contaminated solids. These 

additional concerns are presented anO· discussed in terms of contaminant transport, 

population exposures and health risk in Sections 4, 5 and 6, respectively. 

3.2.1.2 NAAQS fat Particulate Matter 

The primary and secondary NAAQS for particulate matter have also been established 

under the CAA and are provided at 40 CFR 50.6: 

• Primary Standard: 150 JLg/m3
, 24-hour average concentration. The 

standard is attained when the expected number of dars per calendar year 
with a 24-hour average concentration above 150 p.g/m3 for particulate 
matter measured as PMlO is equal to or less than one (1). 

• Secondary Standard: 50 JLg/m3
, annual arithmetic mean concentration. The 

standard is attained when the expected arithmetic mean concentration is 
less than or equal to 50 JLg/m3 for particulate matter measured as PMw 
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For purposes of determining attainment of the primary and secondary 
standards, particulate matter is measured in the ambient air as PMlf) 
(particles with an aerodynamic diameter less than or equal to a nominal 10 
IIiicrometers ). 

Site-specific data reflecting 24-hour PM10 total concentrations are available for Pinehurst 

only and are presented in Table 3.2. The data are reported through the US. Aerometric 

Information Retrieval System (AIRS). A single monitoring point was established where 

filter samples were conected several times a month. As Table 3.2 indicates, the annual 

arithmetic mean for particulate matter (measured as PM10) exceeded the standard of 

50 p,.g!m3 (annual arithmetic mean) in 1986 and 1987. The 24-hour average 

concentration of particulate matter (measured as PMlO) was exceeded in 1986, 1987 and 

1988 (frequency of exceedance was 9.3%, 10.2% and,29%, respectively). Exceedances 

were observed in Pinehurst during the winter months, which is a period of high usage of 

domestic wood burning heaters. The NAAQS were not exceeded in 1989 (prior to June) 

in Pinehurst. 

Two PM10 monitors were operated 8 hours per day during high wind event monitoring 

from August 7 through October 15, 1989. These monitors were located at the Silver 

Valley Drive-In Theatrerrruck Stop (# 5) and the Kellogg Middle School (# 7). PMU} 

data from this monitoring period is not directly applicable to the NAAQS since the 

monitors were operated for an 8-hour period as opposed to 24-hour daily period upon 

which the regulations are based. Ambient air monitoring data (PM10) for the 8-hour 

period exceeded 150 p,g/m3 6.2 percent and 0.0 percent of the monitoring days at 

monitoring locations 5 and 7, respectively. 

3.2.2 Idaho Rules and Regulations for the Control of Air Pollution, IDAP A 
Section 16.01.1000 et seq. 

The State standards established for airborne particulate matter have been identified as 

potentia) ARARs for the populated portion of the Bunker Hill site. The State air quality 

standards are as follows: 
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Clean Air Act NAAQS(b) 

Annual 
Arithmetic 

24-Hour Average Mean 
Concentration Concentration 

(l'glm3) (I'glm:\) 

150 50 

Table 3.2 
Slte-Speciftc Ambient Air Quality Data Compared to NAAQS 

(PMlO Total Standards for Particulate Matter)(a) 

Pinehurst, Idaho 

Maximum Annual 
24·Hour Arithmetic 

Number or Measured Mean 
Days Concentration Concentration 

Year Sampled (l'glm3) (l'glm3) 

1986 43 days(C) 372 62(e) 

1987 59 days 189 6S(e) 

1988 102 days 183 50 

1989 56 days(d) 124 38 

(a) Data reported through AIRS 1986.1989. A single monitoring station was located in Pinehurst, Idaho. 
(b) National Ambient Air Quality St&ndards, see 40 CFR 50.6. 
(c) No data reported from July 2 through October 20, 1986. 
(d) No data reported July through December 1989. 
(e) Underlined values indicate exceedance of NAAQS (annual arithmetic mean of 50 l'g/m3). 

BOrI'79(W024Slljmc 

Frequency of 
Exceedance of Months 

24-lIour Average When 
Concentration Exceedances 

Standard Occurred 

9.3% Jan., Feb. 

10.2% Jan., Feb., 
Oct., Dec. 

2.9% Jan., Feb. 

0.0% 



• Primary standards: 75 p,g/m3
, annual geometric mean; and 260 p,g/m3

, 

maximum 24-hour concentration not to be exceeded more than once per 
year. 

• Secondary standards: 60 p,g/m3
, annual geometric mean; and 150 /.Lg/m3

, 

maximum 24-hour concentration not to be exceeded more than once per 
year. 

Airborne parucu]ate matter is measured as total suspended particulate matter (rather 

than as PM10 on which the federal standards are currently based) for purposes of 

comparison to the State standards. Site-specific air quality data are available for Kellogg 

(1987 and 1988), Smelterville (1987) and Pinehurst (1987) through AIRS (USEPA 

Aerometric Information Retrieval System) (USEPA, 1989i). The data in Table 2.11 

indicates that the State standards were not exceeded in Kellogg and Smeltervil1e; 

however, the secondary State standard for maximum 24-hour concentration of part~culate 

matter (150 p,g/m3
) was exceeded 10.8% of the days measured in Pinehurst. Exceedances 

were observed in the winter months during a period of high usage of domestic 

woodburning heaters. 

3.2.3 Threshold Limit Values (TLVs) and Estimated Limit Values (ELVs) . 

TLVs and ELVs, while not ARARs, have been identified as to-be-considered guidances 

when federal and State ARARs are not available" for airborne contaminants at the 

Bunker Hill site. Their consideration at the site is for purposes of identifying levels of 

airborne contaminants at which some health risk could occur. 

A TL V is based on the development of a time weighted average (TWA) exposure to an 

airborne contaminant over an 8-hour work day or 40-hour work week. The TLVs-TWA 

refer to maximum airborne concentrations of substances in the work place to 'Which 

nearly all workers may be repeatedly exposed day after day without apparent adverse 
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effects. High wind event data are provided in Table 3.3 (also Table AS.7 in Appendix A) 

for comparison to TLVs and ELVs. High wind event monitoring was conducted from July 

through October for 1987 and 1989 daily between the hours of 12:00 p.m. to 8:00 p.mo 

(total of 8 hours/day), and thus may be used to approximate resident and worker 

exposures on the site during these periods. Metals concentrations were determined on 

filters for which TSP was greater than or equal to 150 p,glm3
• These data are evaluated 

in light of the protective thresholds established as TL Vs for the corresponding chemicals. 

ELVs are based on TLVs and reflect exposure to contaminants on a 24-hour/day basis. 

The calculat~on of an EL V does not take into consideration the additive and synergistic 

effects of contaminants and additional exposures from media other than air. Due to the 

uncertainty associated with sensitive populations and chronic exposures, an uncertainty 

factor of 10 has been used to derive ELVs. ELVs are not expected to be completely 

protective of the potential effects of exposures to contaminants; however, they do provide 

some indication of airborne contaminant levels at which adverse health effects could 

occur. Site-specific data reflecting maximum 24-hour metals concentrations are also 

pre$ented in Table 3.3 for comparison to ELVs. The site data are based on 1987 

ambient air lead concentrations which were measured as part of the Idaho Air Quality 

MonitOring Network. Metals 24-hour maximum concentrations, other than lead, for each 

year are estimates based on metal-ta-Iead ratios from alternate years. 

Review of the data presented in Table 3.3 indicates that 1987 and 1989 airborne 

concentrations (high wind event and the 24-hour maximum) for the populated portions of 

the site did not exceed the corresponding TLVs or ELVs for any of the chemicals of 

concern. Some of the limitations inherent in the application of TL V -based thresholds to 

residential exposures are: 

• TL V s are for 8-hour exposure periods only and may not be protective for 
extended exposures; 
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Table .1.3 
8Ite.specllh: Concentrations or Airborne Contaminants Compated to TOCl 

nigh Wind ~.nt Air Metals(b) Estimated Maximum 24.hour(f) 
ConeenfraCions (l1gfma" 1987 and 1989 Metals Concenlratlontl (I'gfm3" 1987 

Smelterville Kellogg Plmhurst Smelterville ~ TLV.1WA(I) ELV(e) 
Contaminant (I'glmJ) 1987(&) 1989(h} 1981 (d) 1989(1) 1987 1989 (l1g1m3) 

Antimony 500 Mean 0.05 0.03 0,03·0.14 0.03·0.04 0.02 0.04 10 0.04 0.01 
Max 0.08 0.05 0,05·0.40 0,OS.{).08 0.02 0.12 

Arsenic 200 Mean 0.020 0.01 0.017-0.087 0.01·0.03 0.008 om 5 0,05 0.02 
Max 0,089 0,03 0.131·0.625 0.02-0.06 0.014 0.03 

Cadmium 50.0 Mean oms 0.01 0.011-0,044 0.01·0.02 0.002 om 0.02 O,ol 
Max 0.062 0.02 0.058·0,237 0.01-0.06 0.002 0.02 

Copper fume .. 200 Mean 0.17 0.13 0.07-0.20 0.13-0.35 0.20 o.t4 fume .. 5 0.19 0.16 
dust ... 1,000 Max 0.49 0.26 0.17-0.76 0.32-0.71 0.44 0.29 dust .. 26 

t.cad 150 Mean 1.00 0.72 0.38·2.40 0.20·1.42 0.22 0.11 4 1.33 0.67 
Max 8.59 3.55 2.87·15.46 0.52·2.88 1.71 0,30 

Mercury Alkyl .. 10.0 No Data No Data No Data No Data Alkyl ... 0.2 No Data No Data 
Except Alkyl: Excepl Alkyl: 
vapor ... 50.0 vapor .. 1 

inorganic'" 100 inorganiC .. 2 

Zinc ZoCI "" 1,000 Mean 245 261 2.10·3.44 2584.90 1.50 4.24 ZoCI .. 20 0.66 0.37 
Zinc Oxide: Max 7.42 5.10 6.15·14.09 4.03-13.38 6.79 26.41 Zinc Oxide: 

fume .. 5,000 fume"" 120 
dust ... 10,000 dm! 1m 200 

(a) nV-TWA .. Threshold Limit Values· Timc-Weighted Average for g·hour workday or 40·hour work week; published by ACG1H (American Conference of Government Industrial 
Hygienists). 
(b) See Table AS.7;also see "Data Summary Report: 1981 Air Filters for the Bunker Hill CURCLA Slle Populated Areas RIJFS, Final,!! CH2M HILL. July " 1990. 
(c) Data represents one sampler. 
(d) Data represents five samplers. 
(e) ELV "" Estimated Limit Values, based on TLVs lind oollverted to rence! exposure 10 contaminants on II 24·bour basis. BLVs are calculated as follOW'$: 

ELV", 'lLV (I'gtm3) IC 8 hr x ~ da~ x 0.10 . 
!-flir days 

(t) See Table A'l.3 in Appendix A. 
(g) ()ata from one sampler located al Silver King School. 
(h) Data from one sllmpler located al Mine Timber Company. 
<I) Data represenl$ three samplers. 

Pinehurst 

0.009 

0.007 

0.002 

0.193 

0.230 

No Data 

1.014 

- - - - - _t. - - - .. - - .#- -
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• TL V s consider only the inhalation route of exposure and do not allow for 
additional or multiple intake or exposure routes; and 

• TL Vs are not considered protective for sensitive members of a residential 
population, such as children, the elderly or physiologically compromised 
individuals. 

The comprehensive human health risk assessment will, however, address multiple 

exposure routes, multiple contaminants with similar target organ effects, and their effects 

on sensitive members of the residential population. 

3.3 Groundwater 

3.3.1 Safe Drinking Water Act (SDWA) (PubliC Health Service Act) 42 U.S.C. 
Sections 300f et seq.; 40 CPR 141 and 40 CFR 143. . 

The SDW A, and the drinking water standards and criteria established pursuant to the 

Act, have been identified as potential ARARs with respect to groundwater at the Bunker 

Hill site (see Section 6 of the PD). The primary drinking water standards include both 

Maximum Contaminant Levels (MCLs) and Maximum Contaminant Level Goals 

(MCLGs). MCLs are the enforceable standards under the SDWA. In addition to health 

considerations, an MCL is required to reflect the technical and economic feasibility of 

removing the contaminant from the water supply. MCLGs, on the other hand, are 

strictly health-based standards, and do not take cost or feasibility into account .. Theyare 

generally more stringent than MCLs and may be applied in appropriate circumstances, 

such as where multiple contaminants or multiple pathways of exposure present additional 

risk. 

Secondary MCLs (SMCLs) have been established for specific contaminants or water 

characteristics that may affect the aesthetic qualities of drinking water (Le., color, odor, 

and taste). SMCLs are generally not health-based standards. 
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Site-specific data reflecting concentrations of contaminants in the groundwater at Bunker 

Hill are found in several RIfFS reports: 

Data Report Bunker Hill RIfFS, Tasks 6.0 & 7.0: Surface Water Sampling No.1 
and Tasks 3.0,6.0, 7.0 & 8.0: Groundwater Sampling No.1 (Document No. 
15852-PD089), Dames & Moore. June 30, 1988. 

Data Report Bunker Hill RIfFS, Tasks 6.0 & 7.0: Surface Water Sampling No. 2 
and Tasks 3.0, 6.0, 7.0 & 8.0: Groundwater Sampling No.2 (Document No. 
15852-PDI08), Dames & Moore. October 21, 1988. 

Data Report Bunker Hill RIfFS, Tasks 6.0 & 7.0: Surface Water Sampling No.3 
and Tasks 3.0, 6.0, 7.0 & 8.0: Groundwater Sampling No.3 (Document No. 
15852-PD146), Dames & Moore. February 23, 1989. 

Data Report Bunker Hill RIJFS, Tasks 6.0 & 7.0: Surface Water Sampling No.4 
and Tasks 3.0,6.0, 7.0 & 8.0: Groundwater Sampling No.4 (Document No. 
15852-PD162), Dames & Moore. May 16, 1989. 

The RIIFS data for metals concentrations in the groundwater are incomplete. 

Groundwater data in the above reports and summarized in Table 3.4 are representative 

of dissolved concentrations only. The groundwater samples were filtered in the field 

through a 0.45 micron (micrometer) filter prior to analysis. Limited groundwater 

monitoring has provided a data set for comparison of both dissolved and total metals 

concentrations in discrete water samples (Pintlar, 1990). In general, total (dissolved 

portion plus suspended solid component) concentrations are similar to' dissolved levels. 

Antimony and cadmium results seem to be consistent for the limited data available; that 

is, dissolved concentrations are approximate to total. Arsenic, lead, mercury and zinc 

(for levels > 80 mg Zn/L) show significant contributions in the suspended solid fraction. 

~1easurement and reporting of dissolved concentrations for arsenic, lead, mercury and 

zinc should not be expected to be representatiVe of the total metal concentrations of 

constituents measured in non-filtered water samples; the available site-specific data (at 

least for As, Pb, Hg and Zn) are nonrepresentative for accurate comparison. The 

reported concentrations for lead and zinc in Table 3.4 (including the maximum 

concentrations) should be considered conservative or lower-limit estimates of the extent 
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Siit-Speclllc CO_IlIraIlool., On ...... 1er COll ......... n ... Campllrt<l .. AltUt& 

Sltt. bftnklna Waler MICa, 

MCL Mete SMeL 
Call1eml.,,, !!t!=! (\IoWL, ~ 

Cadmium 10.0 
5.0(1) 5.0<1) 

Lead SO.O 
5.0(1) 

20.0 
0.0(1) 

Ziac 5.000 

(a) SaCt Drinkln, Wiler Aa MCU:.co CPR PaIU W.n-HI.16 
MetGs: .co CFR P.IU '4t.50·14t.Sl 
SMCLt: .co CFR Part 143.3 

RCRN 

~ 
Minimum I"-ho(c) 

f""lutllC)' MCLt for 
of Er.c ..... n« Dnllld", 

Mel. .tMe!.. Wall' 

~ .. Otcumn«(cI) (P!VL1 

10.0 ~ 10.0 
86 

so.o U SO.O 
19 

(b) RCIOIII'I:e CoMervIIIon and R_IY Ad. MCls: 40 CFR Section 264.94. Idaho Hwrdous Wasle Mana,elllcni Ad. 

IC,,11ou 
Upper Aqulltr 

MIl I~I 
Meal 55.0 

MIl <COS 
Mean 148 

MIl 32,600 
Meall 12,<100 

(e) Idaho MCLt Cot Drinkln. Waler. Idaho Wiler Quality Shlndard. and WUlewater Trulmenl RequircmCRII, IOAPA 16.01 2250,06. 

SlltoSpocllle O"' .... ler U.b (Il~('" 

X-!Iou Smdlmlllt 
lAw., ~ .. Ir.r U,perAqldtu 

Mu 393 
Meall ~.o<,) Mean U6 

MIl m 
LeuIUn s.o<&> Mean 101 

Meaft t3,100W 
MIl 18.S00 
Meal! 13,100 

--

S .... IIemu. 
,,-, Aquifer 

MIIIlC 306 
Me .. 164 

MIl 10.0 
Mea 8.0 

MIl 18;800 
Meall 13,110 

(d) Oali RCporu lor Bunker Hill RIiFS. Olrnu and Moore. OooImcnl N"'- 1S8S2·P0089 (Jllne 30. 1988), 158S2-POI08 (October 21,1988), 15852·POI46 (February 23. 196'1) and U8S2·PDI62 (May 16. 1989)­
(e) ",l1lmn e\ al~ 1980. 
(I) Proposed Va'QCI: See $3 Fed. RtJ. 31516 (Aupl' 18, 1968) lor pnlf>(*d 1liiI_lor ladlMe 54 Fed. RC'l22062 (May 22, 1989) for JIIOIX"Cd wlus for cadmlUIII. 
(I) Only OM well tcpn:ICIilinlllle Iawcr aquila' al KcIIoU"'" sampled. - • 

IIK..,."uodC.) 
(P!VL) 

'"0 

8.S 

810 



and degree of groundwater contamination on the populated portions of the Bunker Hill 

site. Reported cadmium levels in Table 3.4 may be representative of total 

concentrations. 

In Table 3.4, the site-specific data are compared to MCI...s, MCLGs, and SMCLs (where 

available) for those metals for which the data indicates a need for concern (e.g., for 

which the standards are exceeded). There are generally two aquifers on the site, an 

upper and a lower, and the data are presented accordinglY. The concentration of 

dissolved cadmium in both aquifers exceeds the current MCL and MCLG at 84% of the 

wells sampled in the Populated Areas. The concentration of dissolved lead is greater 

than the current MCL at 25% and greater than the MCLG at 44% of the wens sampled. 

The concentration of dissolved lead is greater than the current MCL at 25% and greater 

than the MCLG at 44% of the wells sampled from both aquifers. While dissolved lead in 

the lower aquifer does not exceed the current lead MCL, greater than 50% of the wells . 

in the lower aquifer in Smelternlle exceed the proposed lead MCL of 5 'p,g!L Dissolved 

zinc is also present in both the upper and lower aquifer in excessive concentrations, but 

no MCL or MCLG has been promulgated for zinc. Dissolved zinc concentrations at 78% 

of the wells sampled exceed the SMCL 

It should also be noted that metals concentrations (As, Cd, Hg, Pb and Zn) in both 

aquifers on the site exceed background levels for the corresponding metals (see 

Table AS.6 in Appendix A). The information presented in Table 3.4 suggests that 

cadmium, lead and zinc are present in groundwater at concentrations that may pose a 

risk to human health if consumed. The limitations inherent in the available groundwater 

data should be factored into the evaluation of this risk; u;e data should be viewed as 

lower limits to total metals concentrations in groundwater at the site. 

3.3.2 R~source Conservation and Recovery Act (RCRA) (Solid Waste Disposal 
Act of 1965; as amended by the Resource Recovery Act of 1970) 42 U.S.C. 
6901; Groundwater Protection Standards, 40 CFR 264.94. 
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RCIW 

lJWMA(b) SIIt.s1!!!1/Ic GrouDdw.III, Doll (~)(") 

Minimum 'dabo(c) 

F ..... uenq MCLa 10' 
.IElccHdance Drln""" 

MCL MeLG SMeL MCL 0' Mer. W.It, K.IJoa x.Uoa SmtlltnllJe SmtlltmUe 
ConllmllUlbl ~ ( ...... ) ~ ~ " Occurnnc.(<I) J!!!!:L Uppe, ""ull., r-t, ",,_lin Uppe, ""odl •• '-t, Aqull.r . 

Cadmium 10.0 10.0 84 10.0 MIX 141 MIX 393 tdu 306 
S.O<t) s.O<Q 86 Mc;an 55.0 Men «.0<') Mean 256 Mean 164 

Lead SO.O 20.0 ·50.0 2S SO.O MIX 405 Max 273 tdu 10.0 
S.O<I) 0.0(1) 79 Mean 148 Leu lhan S.O(C) Mean 101 MeaD 8.C 

Zinc 5.000 MIX 32,600 
Mean 13,700<1> 

Mar 18,SOO Mar IS.soo 
Mean 12,400 Mean 13,100 Mtall 13,170 

(a) SaCe Drintinl Waler Act MClJ: 40 crn Pans HI.II·HUtS 
. MetO.: 40 CFR Pans 141.50·141.51 

SMCls: 40 CfR Pin 143.3 
(b) RQOUrtC CQnscMllon and Rccovety N:t, MCls: 40 crn Seclion 264.94. Idaho HwJ'dou$ WlSle Manalcmenl Act. 
(e) ldabo MCLa Cor Orinldn, Waler. ldabo Waler Quality Slindard •• nd WISICWlICf Trealmenl Requircmenll,IOAPA 16.01 2250,06. 
(d) Dill RcporU for Bunker Hill RIIFS. Olmea Ind Moore. Doculllent Noa. 158.52·1'D089 (June 30. 1988), 158.52·1'0108 (Oclobet 21. 1988), IS8S2·PDI46 (Febnwy 23, 1989) .nd ISSS2·P0I62 (May 16. 1989). 
(e) Plrlll1IIIn ct al., 1980. 
(I) Propooed Vllues: See 53 Fed. R.,. 31516 (AuCUSI 18, 1988) Cor propclMd V111_ tor lead; 1CC.54 Fed. Res 22062 (May 22. 1989) ror propoICd V11lu .. Cor cadmium. 
(,) Only one well rcpraetIllnC Ihe Jowcr aquifer II KtUou wu SllIIpIed, ~ 
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and degree of groundwater contamination on the populated portions of the Bunker Hill 

site. Reported cadmium levels in Table 3.4 may be representative of total 

concentrations. 

In Table 3.4, the site-specific data are compared to MCLs, MCLGs, and SMCLs (where 

available) for those metals for which the data indicates a need for concern (e.g., for 

which the standards are exceeded). There are generally two aquifers on the site, an 

upper and a lowert and the data are presented accordingly. The concentration of 

dissolved cadmium in both aquifers exceeds the current MCL and MCLG at 84% of the 

wells sampled in the Populated Areas. The concentration of dissolved lead is greater 

than the current MCL at 25% and greater than the MCLG at 44% of the wells sampled. 

The concentration of dissolved lead is greater than the current MCL at 25% and greater 

than the MCLG at 44% of the wells sampled from both aquifers. While dissolved lead in 

the lower aquifer does not exceed the current lead MeL, greater than 50% of the wells 

in the lower aquifer in Smelterville exceed the proposed lead MCL of 5}Lg/L. Dissolved 

zinc is also present in both the upper and lower aquifer in excessive concentrations, but 

no MCL or MCLG has been promulgated for zinc. Dissolved zinc concentrations at 78% 

of the wells sampled exceed the SMCL 

It should also be noted that metals concentrations (As, Cd, Hg, Pb and Zn) in both 

aquifers on the site exceed background levels for the corresponding metals (see 

Table AS.6 in Appendix A). The .information presented in Table 3.4 suggests that 

cadmium~ lead and zinc are present in groundwater at concentrations that may pose a 

risk to human health if consumed. The limitations inherent in the available groundwater 

data should be factored into the evaluation of this risk; the data should be viewed as 

lower limits to total metals concentrations in groundwater at the site. 

3.3.2 Resource Conservation and Recovery Act (RCRA) (Solid Waste Disposal 
Act of 1965; as amended by the Resource Recovery Act of 1970) 42 U.S.C. 
6901; Groundwater Protection Standards, 40 CFR 264.94. 
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Idaho Hazardous Waste Management Act (HWMA) 39-4401 through 39-
4432; 10AP A Section 16.01.5008. 

The groundwater protection standards established pursuant to RCRA and HWMA have 

been identified as potential ARARs With respect to groundwater at the Bunker Hill site. 

These standards are set for groundwaters at hazardous waste land disposal facilities. The 

RCRA and HWMA MCLs are criteria for groundwater which is, or potentially can be, a 

source of drinking water. The RCRA and HWMA MCLs are equal to the SOWA MCLs 

for the site contaminants of concern and are identified in Table 3.4. 

3.3.3 Idaho Water Quality Standards and Wastewater Treatment Reguirementst 

Idaho Code, Title 1, Chapter 2; IOAP A 16.01.2000 et seq. (Enacted 1980; 
latest revision March 1988); Water Quality Standards for Domestic Water 
Supply (IDAP A 16.01.2250t06). 

The State of Idaho's water quality standards for domestic water supply are potential 

ARARs for the groundwater at the Bunker Hill site. The State standards are equal to 

the SDWA MCLs for the site contaminants of concern and are included in Table 3.4. 

3.4 Surface Water 

Several laws have been identified as ARARs with regards to surface water for the 

populated portions of the Bunker Hill site (see Section 6 of the PO); however, exposure 

to surface water contaminants has not been identified as a significant exposure pathway 

to the typical resident. The typical resident does not engage in surface water recreational 

activities on site and the source of the public drinking water supply is located off-site. 

The public water supply has been sampled and analyzed and determined to meet federal 

and State water quality standards. The current drinking water supply is evaluated as part 

of the dietary intake in the site risk assessment. Surface water contamination at the site 

will be evaluated and compared to the pertinent ARARs and TBCs as part of the risk 

assessment conducted for the Non-populated Areas. 
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3.5 Blood Lead Levels 

An evaluation of representative blood lead levels for children of the Bunker HilI site, in 

consideration of the appropriate health-based guidances and criteria, is presented here to 

further assess the risk posed to human health by site contamination. The following are 

considered in this regard: 

• 

• 

• 

• 

Centers for Disease Control (CDC) Soil/Dust Lead-Contamination 
Advisory, Preventing Lead Poisoning in Young Children: A Statement 
from the Centers for Disease Control. Atlanta. U.S. Dept. of Health and 
Human Services, January 1985. 

Agency for Toxic Substances and Disease Registry (ATSDR) Report to 
Congress, The Nature and Extent of Lead Poisoning in Children in the 
United States: A Report to Congress. ATSDR, Public Health Service, 
U.s. Dept. of Health and Human Services, July 1988. 

USEPA's Review of the NAAQS for Lead, Review of the National 
Ambient Air Quality Standards for Lead: Assessment of Scientific and 
Technical Information. USEP A. March 1989. 

USEPA's Proposed Rule for Lead in Drinking Water, 53 CPR 31516 
(August 18, 1988). 

• USEPA's Clean Air Scientific Advisory Committee (CASAC) Report, 
Report of the CASAC On Its Review of the OAQPS Lead Staff Paper and 
the ECAO Air Quality Criteria Document Supplement. 
EPA-SAB-CASAC-90-00Z, January 1990. 

CDCs Health Advisory for Blood Lead Le~els states that "a blood lead level in children 

of 25 pg/dl or above indicates excessive lead absorption and constitutes grounds for 

medical intervention." This advisory level, however, may be superseded for the 

protection of public health due to recent information indicating adverse health effects 

associated with blood lead levels at 10 to 15 pgldI, or possibly lower. As a result, CDC 

bas indicated that consideration is being given for identifying 10 pg/d) as a community 

action level and 15 pg/dl as the level requiring child placement in a follow-up health 

program (USEPA, 1990b). Both the USEPA and ATSDR have published recent 
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documents (see references cited above) which conclude that adverse health effects are 

associated with blood lead levels as low as 10 p.g/dl, with no apparent threshold. CASAC 

(USEPA, 199Oa) has also indicated that health effects-associated with blood lead levels 

above 10 p.g Pb/dl in sensitive populations clearly warrant concern. The value of 10 p.gldl 

refers to the maximum blood lead permissible for all members of sensitive groups, and 

not population mean or median values. CASAC recognizes that there is no discernib1e 

threshold for several health effects associated with lead absorption and that biological 

changes can occur at levels lower than 10 p.g Pb/dl blood. Given that lead is a toxin with 

no beneficial biological function, CASAC strongly recommends a public health goal of 

minimizing the lead content of blood to the extent possible through reduction of lead 

exposures in all media of concern. 

The blood lead levels reported for children at the site are discussed in detail in the PD 

(see Sections 3 and 5). In 1989,275 children (ages 9 years and younger) from 

Smelterville, Kellogg, Page and Wardner were monitored in an areawide health survey. 

Of the children tested, approximately 3% exhibited blood lead levels at or above the 

25 p.gldl CDC (medical intervention) advisory level. Approximately 26% of the children 

exhibited blood lead levels greater than or equal to 15 p.gldl; 56% exhibited blood lead 

levels which were greater than or equal to 10 p.gldl. In 1989, the median (50th 

percentile) childhood blood lead level was 10 p.g!dl. The 90th percentile level for the 

study was 18 p.gldl and the highest blood lead level among those tested was 41 p.g/dJ. In 

1990, 255 children were tested for blood lead in the same .communities. Two (2) children 

exhibited blood lead levels greater than or equal to 25 p.g/dl. Forty percent (40%) had 

levels greater than or equal to 10 JLgldl and 14% were greater than or equal to 15 JLgldl. 

The most recent health survey conducted in 1990 aiso included 107 children from 

Pinehurst. ApprOximately 11 % of the children exhibited blood lead levels greater than or 

equal to 15 ~g!dl; and 37% exhibited blood lead levels which were greater than or equal 

to 10J.lg/dl. The median childhood blood lead level was 8 J.lgfdl. Survey results for the 

population excluding Pinehurst (representing the same population group as in 1988 and 

1989) showed generally lower blood lead levels than in preceding years; approximately 
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1% of the population exhibited blood Jead levels 2: 25 p.gldl, 15% .:::. 15 p.gldl, and 

approximately 40% > 10 p.g/dL The highest blood lead level among those tested was 

found in Smelterville at 30 Jlgldl. The lowest community mean blood lead level was 

found in Pinehurst at 6.7 p.gldl (median =' 6 JlgldI). 
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4.0 CONTAMINANT FATE AND TRANSPORT 

4.1 Migration Routes 

Several past, present and. potential routes of contaminant migration have been identified 

in Remedial Investigation (RI) and Risk Assessment activities at the Bunker Hill site. 

These migration routes occur in several media and vary in scale from phase transfers at 

media interfaces to meso-scale transport of airborne pollutants and surface water 

contaminants across the site and beyond the boundaries. The significance of the 

individual migration pathways depends on a number of factors. Among the important 

considerations are: 

• The specific contaminants and concentrations involved, 

• The physical and chemical characteristics of the transport media, 

• The frequency and magnitude of the transport phenomena, 

• The characteristics of the human and ecological receptors, and 

• The persistence and tendency of contaminants to accumulate in various 

sinks or media. 

Most of the important contaminant migration pathways associated with this site have 

been identified and, to a varying extent, characterized in past health and environmental 

research efforts. Those studies available at the beginning of the Remedial Investigation 

were reviewed by project personnel in 1985-86 and summarized in the Site 

Characterization Report (SCR) (WCC and TG, 1986). 

Section IV of that document provided conceptual models of site contaminant migration 

based on the review of the information available at the time. Studies conducted since 

1986 have confirmed the appropriateness of those data. Figures 4.1 and 4.2 are 

reproduced from the SCR and graphically portray the more significant air and water 
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migration pathways, respectively. These models show the various sources and receptor 

areas connected by the major environmental pathways represented as arrows. The 

suspected significance of the respective pathways and sources are reflected by the relative 

"thickness" of the arrows and shading of the boxes. 

These models and the underlying information were used as a basis for determining data 

gaps, areas where additional investigation was required, and the design of the Work Plans . . 
for both the Populated and Non-populated Areas RI/FS. There were several reasons for 

dividing the site into Populated and Non-populated Areas for RI/FS work. Those have 

been discussed in earlier site documents (Wee and TG, 1986; GRC, 1981; TG, 1990). 

One of the difficulties recognized in the split study design was that several contaminant 

migration pathways cross the RIJFS boundaries. Special consideration was given to 

integrating information from each effort in the task planning for both investigations. As 

a result, it is necessary to refer to work elements in both of the Remedial Investigations 

in discussing and characterizing contaminant fate and transport issues in either portion of 

the site. 

To accommodate this project design, the contaminant fate and transport efforts in the 

Populated Areas Remedial Investigation and Non-populated Baseline Risk Assessment 

documents are coordinated efforts. This document reviews the data bases and results 

from both investigations and evaluates the significance of the several migration routes to 

the Populated Areas. This includes both contaminant trru;tsport within the Populated 

Areas, and transport across the boundaries from the Non-populated Areas to the 

Populated Areas, particularly as they affect exposure pathways to human populations. 

The Non-populated Areas RIIFS and Baseline Risk Assessment will focus on the role of 

individual sources and identified land use scenarios in effecting exposure pathways that 

potentially impact human health and the environment. 

Because the SCR was a basic planning document for both investigations, Figures 4.1 and 

4.2 are a convenient basis from which to discuss contaminant migration issues. The SCR 
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and subsequent RI efforts have divided the important migration routes into air pathways 

and water pathways. These represent the predominant mechanisms by which 

contaminants can translocate on the site. Migration pathways, other than air and 

waterborne, have been noted and discussed in various documents (TG, 1986b; PHD et 

aI., 1986; JEG et al., 1989; CH2M HILL, 1990f). Those include: 

• The movement of solid-matrix wastes (both large and small volumes) in 
and around the deteriorating smelter complex; 

• The movement of contaminated soils during construction and commercial 
activities; 

• The tracking of contaminants from one location to another by humans, 
pets, vehicles, occupational activities, etc.; 

• The translocation and possible bio-accumulation of contaminants in the soil 
profile; and 

• Th~ several pathways and physiological mechanisms associated with both 
external and internal exposure to the human population. 

This chapter primarily focuses on those migration pathways associated with air and water 

transport in Sections 4.2 and 4.3, respectively. Mass movement of solid-matrix wastes 

and translocation of contaminants in the soil column are briefly addressed in Section 4.4. 

Physiological and behavioral mechanisms affecting internal and external exposures to 

humans and contaminant migration within the home environment are discussed in 

Section 5 as exposure assessment issues. 

4.2 Air Pathways 

4.2.1 Remedial Investigation Efforts 

Several efforts in both RIfFS have been undertaken to characterize and quantify past and 

current airborne contaminant pathways in the project area. The results of those studies 

were presented in Section 2. Table 4.1 summarizes those efforts and data sources that 
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were used in assessing contaminant migration in the Populated Areas. Both ambient air 

quality and emission sources were routinely monitored throughout the 19705 and 19805. 

Most of these efforts were associated with past smelter operations. These data were 

extensively analyzed in several studies and comprehensively summarized and presented in 

JEG et at, 1989. Because the relative significance of various air contaminant sources has 

changed markedly in the post-smelter era, these historical data are not discussed in this 

section. Past emissions and atmospheric exposures are addressed as historical risk 

assessment, rather than contaminant fate and transport issues, in this document. 

Table 4.1 
RElGIAl llVESTIGATIOI EffORTS USED 11 CMRIIC1ERIZllIi 

tOITNlIIWIT IIiGRATIOI II 1HE POPUlAlED AREAS 

_ Effort 

Atmospheric MOnitoring 

NMQS TSP/Pb Monitoring 
TSP Event Hooitorfng - 1987 
TSP Event Monitoring - 1989 
TSP/Deposition Monitoring - 1988 
Meteorological Station Sl.II1IIary - 1987 
Meteorological Station SI.II1IIary - 1988 
Meteorological Station Summary - 1989 
Meteorological Record Analysis 

Fugitive Dust Source Sampling 

Populated Areas Fugitive Dust 
Survey - 1986 

Non-populated Areas Dust 
Source Inventory - 1988 

Roadside Soils Survey - 1989 

Emission Inventory Estimates 

1986 IRH Sites Recontamination 
Estimates 

Non-populated Areas Fugitive Dust 
Emrtssions Estimates 

Recontamination MOnitoring 

1986 1M Sites Recontamination 
Estimates 

1988 Resampling of 1M Areas 
1989 Resampling of lRH Areas 

Erosion Studies 

Erosion Potential 

water Quality Studies 

Surface Water/Sediment Investigation 
Groundwater Investigation 
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Source 

USEPA. 1989i 
CHZH HIll. 1990e 
IDHW. 1990a 
o & M. 1990e 
CH2M HIll. 1990e 
o & H. 1990c 
HlHW. 1990a 
o & H. 1989d 

IS, 1986d .\ 
CH2M HILL. 199Gb 

o & K. 1990a 
CH2M HIll. 1990d 

TG. 1986a 

o & It. 1990a 

TG. 1986a 
0& H. 1989a 
CHZH HIU. 1990d 

o & M. 1990b 

o &: It. 1988a &: b 
o &: H. 1989b .\ c 

Results 
Stmnarized 
in Section 

2.2.1.1 
2.2.1.2 
2.2.1.2 
2.2.2 
2.2.3 
2.2.3 
2.2.3 
2.2.3 

2.1.4 

2.1.4 
2.1.3 

4.2.2 

4.2.3 

2.1.4 
2.1.1 
2.1.1 

4.3.2 

4.3.2 
3.3.1 
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After smelter closure, air contaminant investigation efforts have focused on fugitive dust 

sources. The fugitive dust source inventory for the site was updated in 1986 and 

concurrent fugitive dust source, ambient air and solids deposition have been collected in 

several RI efforts since. These studies were conducted in both the Popuiated and Non­

populated Areas RI. As discussed in Section 2.3, the Populated Areas effort focused on 

sources within or adjacent to residential portions of the site and the potential public 

health impacts. The Non-populated Areas efforts were pursuant to a comprehensive 

strategy developed to address airborne contaminant transport problems in the RIIFS 

Work Plan negotiated with the PRP. This latter task had three primary objectives that 

have largely been completed. Those objectives were to: 

• Define the recent ambient air quality of the project area relative to the 
contaminants of concern, using previously collected air monitor samples, 

• Evaluate recontamination of sites within the project area by windblown 
dust, and 

• Prepare an inventory of potential sources of fugitive dust emissions for 
an RIfFS. 

The latter information will be used in dispersion and deposition modeling in Non­

populated Areas RIIFS work to identify and rank sources for remedial measures. 

Pursuant to these objectives, and in addition to the recontamination and fugitive dust 

source investigations noted above, several Non-populated Areas tasks were undertaken to 

characterize airborne contaminant pathways. These have included a comprehensive 

examination of wind and atmospheric stability frequencies at the site and the Spokane 

International Airport," and both Total Suspended Particulate (TSP) metals and solids 

deposition monitoring at two locations. Results of some of these studies were presented 

in Section 2.2. Other results pertinent to specific analyses are introduced below. 
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The Non-populated Areas' work complements the fugitive dust source sampling and 

characterization efforts in the Populated Areas RI and the State DEQ's air contaminant 

and weather monitoring. Collectively, these investigations were designed to evaluate the 

airborne exposures and atmospheric· transport issues as they specifically affect the 

populated portions of the site. These data provide the basis for evaluating the more 

significant airborne contaminant migration routes at the site for both Rrs and baseline 

Risk Assessment activities. 

4.2.2 Ambient Monitoring Analyses 

4.2.21 1987 Event Monitoring Period 

ExaminatiQIl of TSP and metals loadings patterns from the event monitoring network 

presented in Section 2.2.2 shows that the majority o~ atmospheric dusts captured in the 

12:00 noon to 8:00 pm sampling period ,occurs in a, relatively, few days. Nineteen peak 

loading days accounted for 43% of the total TSP captured from June through November, 

1987. One particular day accounted for nearly 10% of total loadings. Table 4.2 shows 

those days ranked by mean TSP loading at the nine monitor locations. 

The meteorology associated with th~se days shows some distinct patterns. The five days 

with the greatest TSP concentration in Table 4.2 account faT more than 25% of the 

seasonal loading of TSP. .Each of these days shows extreme concentrations (>250 l1g1m3
) 

at all nine monitor locations throughout the study area. The meteorology exhibits dry 

surface conditions and high wind speeds from the W, WNW, and WSW directions 

(250-3000). Maximum hourly wind speeds for these days range from 8 to 18 mph with 

the 8-hour sampling period showing mean wind speeds consistently out of the west of 5.6 

to 13.2 mph. 

Three of the next five highest TSP days exhibit the same pattern. AIl monitoring 

locations sho'Yed high concentrations (>100 p.g!ml) and the meteorology combined dry 

surface conditions with high winds out of the western sectors, although wind speeds were 
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not as severe as the preceding 5-hlghest TSP days exhibited. These eight days were likely 

affected by frontal conditions that result in extreme wind speeds, persistence, and 

particulate loadings throughout the region. Together these eight days account for nearly 

one-third of the total seasonal TSP loading for the nine sites combined. The remaining 

days in this group are from the period of October 27-30, 1987. These four days appear 

in Table 4.2 as having at least one monitor exceeding 150 lJ.g!m3
• However, none of 

these days exhibited characteristically high wind speeds and high TSP readings were 

limited to particular monitor locations. Typical hourly average wind speeds during the 

sampling period were less than 3 mph. Notably lower TSP loadings were observed at . 

locations #6 and #7, the Kellogg Middle School and Visitor's Center. 

Table 4.2 

AGGREGATED EXTRBE TSP OBSERVATIONS AJI) tETEOROLOGY 
12 Noon to 8 PM Sampling Period 

July - November, 1987 

Mean 
Mean TSP % Cum. % Mean Mean Wind Mean Wind 

All S~es Seasonal Seasonal (llgJm~) Cd Speed Direction 
Rank Date (Ilg/m ) Total Total (llg/m3) mph O-N Meteorological Characteristics 

1 02-Sep-87 777.3 9.8 9.8 4.52 0.058 11.7 218.4 5 hrs >10 mph from 223-267· 
2 25-0ct-87 364.2 4.5 14.2 0.22 0.000 5.6 250.9 6 hrs >5 mph from 246-302· 
3 15-Jul-87 346.2 4.2 18.5 1.01 0.020 13.2 250.1 6 hrs >12 mph from 244-263· 
4 25-Sep-87 328.9 4.0 22.5 0.44 0.001 6.9 237.6 5 hrs >7 mph from 244-270° 
5 03-0ct-87 294.2 3.6 26.1 0.27 0.002 9.2 272.3 5 hrs >10 mph from 260-287-
6 04-Aug-87 188.9 2.1 28.3 2.17 0.020 10.6 262.8 6 hrs >9 mph from 254-281· 
7 28-Oct-87 185.7 2.3 30.4 1.98 0.001 1.5' 213.7 all hrs <2.4 mph from various 

directions 
8 28-Aug-87 136.7 1.7 32.1 0.61 0.010 8.9 241.2 5 hrs >10 mph from 256-279· 
9 07-0ct-87 131.7 1.6 33.7 0.54 0.003 3.2 217.2 4 hrs >3 mph from 229-276-

10 26-Sep-B7 127.4 1.3 35.1 O.OB 0.002 3.2 133.6 1 hr >8 mph at 291· remainder 
low loiS varied directions 

11 27-Oct-87 120.0 1.4 36.5 0.79 0.005 2.1 227.0 all hrs <2.4 mph from various 
directions 

12 29-0ct-87 117.8 1.4 37.8 0.96 0.021 2.1 229.4 all hrs <2.4 mph from various 
directions 

13 3D-Oct-B7 108.9 1.3 39.1 0.67 0.010 1.6 226.0 all hrs <2.4 mph. from various 
directions 

14 29-Jul-B7 80.2 0.7 40.0 0.59 0.010 5.2 229.5 4 hrs >7 mph from 242-250-
15 23-Sep-B7 7B.3 0.9 40.8 0.57 0.000 3.7 211.8 5 hrs >3 mph from 231-262-
16 28-Jul-87 69.7 0.6 41.6 0.18 0.000 4.4 227.1 4 hrs >4 mph from 231-263-
17 22-Sep-87 67.8 0.8 42.3 0.44 0.000 3.8 210.3 4 hrs >4 mph from 243-253-
18 17-Jul-87 66.8 0.8 43.0 0.83 0.010 8.7 94.9 4 hrs >8 mph from 60-78° 
19 17-Sep-87 56.1 .0.7 43.6 0.53 0.Q02 4.3 217.B 4 hrs >4 mph from 252-276° 
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The remainder of the days shown in Table 4.2 exhibit peculiar TSP loading patterns 

among the several monitors and differing wind speeds and direction characteristics. The 

22nd and 23rd of September showed concentrations of 100-190 p.gfm3 TSP at Pinehurst, 

the Drive-In Theatrerrruck Stop and Shoshone Apartments (#1, #5, and #8). Wind 

speeds averaged 3.8 mph out of the west for six of the eight hours in the sampling 

period. September 26 exhibited one hour of high wind speeds with the remainder of the 

day at low speeds and varying direction. Most of the monitors in the vaney reported 

loadings between 100 and 150 JLglm3 TSP on this day. 

The 28th and 29th of July were selected because of high readings (240 p.g/m3) at the 

Pinehurst monitor (#1). The reason for these excursions is unknown. Similarly, 

September 17 showed a single high reading at the Sewage Lagoon and low readings at all 

other locations. These locations may have been influenced by particular events affecting 

sources in the vicinity of the monitors on those days. 

July 17th is of interest because the meteorology on that day exhibited extremely high 

wind speeds from the east. This condition is rare, but can provide considerable insight to 

airborne contaminant transport. Hourly average wind speeds were as high as 17.8 mph 

with four hours greater than 10 mph. The winds originated in the 600 - 800 sector or 

from the east-northeast. TSP loadings for this day were not severe (averaging 67 p.gfm3
). 

However, metals loadings were especially high at monitors downWind from the smelter 

complex.. 

Examination of the metals content of the captured dusts is especially helpful in 

understanding the transport processes operative at the site. Table 4.3 shows the same 

results as Table 2.16 with metals content presented in p.g/gm in captured solids rather 

than p,g/m3. These units represent the concentration of metals in the dust collected from 

the ambient air. This table shows considerable variation in metals content both at 

individual monitoring locations and geographically across the site. Generally, metals 

levels increased with proximity to the smelter. At the westernmost site, lead levels at 
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Pinehurst (#1) averaged 1,647 p,g/gm. Most observations at Pinehurst were below 

1,000 p,g/gm, however, one individual reading exceeded 10,000 p,g/gm. Lead levels at the 

Sewage Treatment Plant (#2) r~nged from 184 to 14,406 p.g/gm and averaged 

3,711 p.g/gm. 

Table 4.3 

SUlltARY OF AIR FILTER tETAlS CONCENTRATION DATA (pg/!1I) 
1987 Event Monitoring Season 

Moni tor Nt.IIlber 
------------------------------------------------------------

1 2 3 4 5 6 7 8 9 

Analyte: Arsenic 

Minimum 15 18 20 23 21 17 23 0 24 
Average 53 124 160 133 127 133 170 265 352 
Maximum 155 767 1219 381 454 286 459 2048 1563 

Analyte: CadmiUB 

Minimum 2.6 4.6 4.7 4.3 4.5 5.0 5.1 7.8 4.1 
Average 13 29 93 45 62 74, 83 94 182 
Maximum 44 61 660 173 413 340 368 302 691 

Analyte: Copper 

Minimum 187 213 179 137 206 141 231 370 548 
Average 1411 1531 1311 804 1209 932 1900 1202 1497 
Maximum 3178 4314 3218 2827 3287 3041 8605 2944 3646 

Analyte: lead 

Minimum 166 184 435 368 382 258 246 370 310 
Average 1647 3711 6130 4939 5865 3727 3820 6587 10041 
Maximum 10198 14406 41461 11961 21123 12318 8605 27732 37770 

Mean lead levels at ~ilver King (#3) and,the Mine Timber (#4) site, both located 

approximately one-quarter mile west of the smelter complex, averaged 6,130 and 

4,939 p,g/gm Pb respectively. Site #5, Drive-In Theatrerrruck Stop l?cated at the east 

end of the Smelterville Flats averaged 5,865 p.g/gm. Individual readings at these sites, 

#3, #4 and #5, however, were high. Six samples greater than 10,000 p.g/gm and one 

greater than 40,000 p.g/gm were observed at these monitors. 
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Lead concentrations were notably lower at Sites #6 and #7, the Visitor's Center and 

Kellogg Middle School. These sites are located to the north across the valley from the 

smelter complex and to the north and east of the CIA. Lead concentrations averaged 

3,727 and 3,820 p.g/gm, respectively. One observation greater than 10,000 p.g/gm was 

noted at these locations. 

Sites #8 and #9, Mineral Subdivision and the Shoshone Apartments, exhibited the 

highest lead concentrations, averaging 6,587 and 10,041 p.g/gm, respectively, with several 

individual readings exceeding 10,000 p.g/gm. These sites are located in a highly 

contaminated, largely barren flat area east of the CIA between the mine/mill complex 

and river channeL 

Examination of the extreme metals concentrations in conjunction with site location and 

meteorology can provide additional insight to the contaminant transport processes. 

Table 4.4 shows extreme lead concentrations observed at each monitor with the date and 

characteristic meteorology for the extreme level days. The highest metals concentrations 

are observed on relatively few days. 

The highest metals concentrations at the westernmost sites were exhibited on July 17, 

1987. On that day, peak concentrations of 41,461 p,g/gm were observed at the Silver 

King Schoo), 11,961 at the Mine Timber Site, 11,991 at the Sewage Lagoon, and 4,800 at 

Pinehurst. Meteorology on this day was characterized- by high wind speeds (8-17 mph) 

from the ENE. Examining this wind direction in relation to these monitor locations on 

Figure 2.6 suggests anomalous high lead values observed at the western monitoring sites 

are likely associated with windblown dusts from the smelter complex. 

4 - 12 

I 
I .. 
I 
I 
e 
~I 

I 
I 

eJ 
I 
I 
I 
I 
I 
I 
I .. 
I 



'I 
I 
{' 
I 
I, 
Ir-
I,' 

',;, 

[, 

I' 
It. 
I-~ 
I[ 
·Ei p 

II 
II 

• n 
~ 
J 

Table 4.4 

DAYS OF MAXltUt OBSERVED I.EJ\D CONCENTRATION BY ItOMITOR - 1987 

Mean 
Seasonal Mean Pb Conc. Wind Mean Wind 

TS~ Pb Maxima Speed Direction 
Station (Ilg/m ) (1l9/m3) (pg/gm) Date mph O-N Meteorological Char. 

----------------------------------------------------------------------------------------------------------
1 Pinehurst School 207 0.22 4800 07/17 8.7 94.9 4 hrs >8 mph from 60-78° 

10198 10/07 3.2 217.2 4 hrs >3 mph from 229-276° 
2 SV Sewage Lagoon 203 0.70 11991 07/17 8.7 94.9 4 hrs >8 mph from 60-78-

14406 09/17 4.3 217.8 4 hrs >4 mph from 252-276· 
3 Silver King School 213 0.99 . 41461 07/17 8.7 94.9 4 hrs >8 mph from 60-78· 

13945 10/28 1.5 213.7 all hrs <2.4 mph from' 
various directions 

4 Mine Timber Company 220 1.08 11961 07/17 8.7 94.9 4 hrs >8 mph from 60-78° 
10041 10/27 2.1 227.0 all hrs <2.4 mph from 

various directions 
5 Drive-In Theatre 203 1.07 21123 10/28 1.5 213.7 all hrs <2.4 mph from 

various directions 
6 Kel. Visitors Center 147 0.38 12318 10/28 1.5 213.7 all hrs <2.4 mph from 

various directions 
7'Kel. Middle School 173 0.65 8605 10/29 2.1 229.4 all hrs <2.4 mph from 

various directions 
8 Mineral Subdivision 180 1.21 25726 07/29 5.2 229.5 4 hrs >7 mph from 242-250° 

27732 08/04 10.6 262.8 6 hrs >9 mph from 254-281-
9 Shoshone Apartments 188 1.83 34289 07/29 5.2 229.5 4 hrs >7 mph from 242-250· 

37770 08/04 10.6 262.8 6 hrs >9 mph from 254-281° 

At the sites near the valley center, #4, #5, #6, and #7, maximum metals concentrations 

occurred during the week of October 26 to 30, 1987. Lead levels ranged from 

8,605 p,g1grn at the Middle School to 21,123 p,g/grn at the Drive-in Theatrerrruck Stop. 

Meteorology factors for this time. period consisted of light winds with low persistence. 

These days were also noted as heavy TSP days at two of these monitors with no apparent 

meteorological explanation. The high metals levels observed could be indicative of 

anthropogenic emission generation activities within the smelter complex or on the 

Smelterville Flats, although there is no information available to assess this possibility. 

Extremely high concentrations in excess of 27,000 p,g/gm Pb were noted at Shoshone 

Apartments and the Mineral Subdivision Sites (#8 and #9) on July 29, 1987, and 

August 4, 1987. Both of these days exhibited high wind speeds from the WSW. As seen 

on Figure 2.6, the extreme. lead levels observed at these sites were likely impacted by" 

smelter and/or mill/concentrator sources to the southwest on these days. 

4 - 13 



4.2.2.2 1989 Event Monitoring Period 

Particulate events were less severe in both frequency and magnitude in 1989 than in 1987 

or 1988. Only ten days showed TSP loadings in excess of 150 p,g/m3 in 1989 versus 19 in 

1987 and 16 for the same months in 1988. These differences may to be related to 

meteorological conditions observed in the two years. Table 4.5 shows characteristic 

meteorology for the peak loading days. Comparing these results to those for 1987 shows 

that severe events are similarly associated with high wind speeds and persistence from 

the WSW. However, wind speeds are notably lower in 1989. 

The highest wind speeds (10-:18 mph) and dust loadings (242-683 p,g/m3
) were observed 

on October 10. Only one day, Septftmber 8, 1989, showed high wind speeds from the 

east. 

Table 4.5 

AGGREGA1£D EXTREJIE TSP OBSERVATIOItS All) IETBlROlOGY 
12 Noon to 8 PM Sampling Period 

July - October. 1989 

Hean Hean 
Mean TSP % CtIII. % Mean Hean Wind Wind 

Rank Date 
All Sites Seasonal Seasonal Pb Cd Speed Direction 

(pg/llf) Total Total. (lIg/~) (l1g/m3) (mph) (O-tt) Heteorological Char. 
-------------------------------------------------------------~---------------------~---------------------.----

1 10-Oct-89 346.8 9.6 9.6 1.59 0.030 12.3 242.2 6 Drs > 10 mph from 227 - 267" 
2. 15-Sep-89 329.4 9.1 18.7 0.70 0.012 6.3 196.7 5 firs > 5 mph from 209 - 276" 
3 26-Sep.-89 267.7 7.4 26.2 0.27 0.004 4.4 216.6 4 firs > 5 ~h from 225 - 234" 
4 25-Sep-89 217.4 6.0 32.2 0.35 0.005 2.2 167.8 all hrs < 4.5 mph from various 

directions 
5 16-Sep-89 133.2 3.7 35.9 0.31 0.007 5.1 194.9 5 hrs > 4 tq)b from 236 - 262" 
6 29-Sep-89 106.5 3.0 38.9 0.58 0.00] 3.5 175.2 4 firs > 3 mph from 211 - 239" 
1 27-Sep-89 93.0 2.6 41.5 0.39 0.005 3.1 154.8 4 brs > 4 tq)h from 203 - 2.33" 
8 28-Sep.-89 89.9 2.5 44.0 0.43 0.007 3.4 165.5 5 hrs > 2.5 mph from 192 - 203" 
9 I3-Sep-89 87.3 2.4 46.4 0.29 0.007 4.5 179.7 .. firs > 5 tq)b from 216 - 228'" 

10 8-Sep-89 85.1 2.4 48.1 0.79 0.009 14.4 49.9 8 brs > 12. mph from 38 - 68-

Table 4.6 provides a summary of metals content observed in dusts captured in 1989 for 

four metals. The highest mean lead levels were again observed at Shoshone Apartments 

(#9) and Mineral Subdivision (#8) (5,369 to 5,984 p,glgm Pb). The Middle School (#7) 

mean was (1,730 p,glgm) and sites in the Smelterville Flats at Mine Timber (#4) and 
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Drive-In Theatreffruck Stop were 3,202 JLglgm and 2,847 JLglgm, respectively_ Mean 

values at Pinehurst and Page Sewer Lagoons were 791 p,g1gm and 1,146 JLglgm Pb, 

respectively. The 1989 values averaged about 45% less than those observed in 1987. 

Other metals show similar decreases between the two years, but continue to demonstrate 

the same geographic variation observed in lead concentrations. The addition of PM10, 

(small particle measurement devices) at the Drive-In Theatreffruck Stop (#5), and 

Middle School (#7) show that on average, lead content does not vary with particle size 

captured, copper shows mixed results, and cadmium and arsenic show about 75% higher 

concentrations in the small particle fraction. The latter finding is a significant result with 

respect to the potential carcinogenic effects of these materials. (See Section 6.) 

Table 4.6 

SlIMARY OF AIR FILTER t£TAlS COIICEMTRATION DATA oo/gta) - 1989 

Honi tor Number 
1 2 4 5 5a 7 7a 8 9 10 

Analyte: Ars!iIDic 

Minimum 14 13 17 16 22 22 23 45 39 42 
Average 63 73 58 58 104 88 144 117 120 115 
Maximum 146 219 126 137 267 215 422 275 169 177 

Analyte: Cadmitll 

Mininua 11 11 11 10 20 15 31 20 19 16 
Average 52 73 38 41 94 76 130 65 89 lOS 
HaxillUl 151 292 67 110 356 286 563 199 175 276 

Analyte: Copper 

Minimum 392 313 246 101 129 888 304 247 596 339 
Average 1042 967 951 604 740 3831 949 543 1069 789 
Haximum 2264 2242 2483 1264 2582 7423 1914 1306 1740 1198 

Ana lyte: lead 

Hi nillltlll 214 158 500 297 261 311 230 2744 871 659 
Average 791 1146 2847 3202 3477 1730 1722 5369 5824 5984 
HaxillUD 212.3 52.30 10310 11218 12.02.1 3358 44ZZ 8532. 12.065 11782 



Table 4.7 shows observed maximum lead concentration days for each of the monitor 

locations. Similar to 1987, only a few days are noted. Most prominent is September 8, 

1989. This was the only high loading day in 1989 when high wind speeds were observed 

from the east. 

As observed in 1987, high metals concentrations were noted west of the smelter complex. 

The effect was noted as far as Pinehurst (2,123 p.glgm Pb). September 29 was noted as 

having bigh lead concentrations at several monitors. Meteorology on this day included 

moderate winds from the southwest for four hours, a wind reversal, and three hours of 

moderate wind speeds from the east. High lead concentrations were noted at monitors 

tliroughout the site. High lead concentrations were also, observed on October 10 at 

monitors #1, #8, and #9 when high wind speeds persisted from the southwest for the 

entire sampling period. These monitors are all located northeast (downwind) of the 

smelter complex. 

All of these results suggest that the highest metals concentrations observed occur 

downwind from the smelter and mill/concentrator complex when wind speeds exceed 

5 mph, and confirm similar observations made in 1981. 

4.2.2.3 Recontamination/Deposition 

Examination of the concurrent TSP and deposition solids and' metals data presented in 

Section 2.2.2 shows that total atmospheric solids loading, solids deposition and metals are 

all event-related.. Particular days exhibiting severe dust loadings contribute a 

disproportionate share of the airborne TSP, subsequent solids deposition and associated 

metals. Although deposition estimates may be biased low (Dames & Moore, 199Od), 

there is a strong relationship between atmospheric loadmgs measured as TSP and solids 

deposition. The relationship between suspended and deposited metals is even stronger. 
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Seasonal 
TSP 

StatiOn (ug/ml) 

1 157 

2 144 

4 168 

5 209 

Sa 110 

7 129 

7it 69 

8 221 

9 192 

10 201 

Table 407 

DAYS OF MAXIMUM OBSERVED lEAD CONCENTRATION BY MONITOR - 1989 

Mean Mean 
Mean Pb Cone. Wind Wind 

Pb Maxima Speed Direction 
(ug/ml) (pg/gat) Date (mph) {O-tn Meteorological Char. 

0.086 2123 9/8 14.4 49.9 8 hrs > 12 mph from 38 - 68" 
1014 9/29 3.5 175.2 4 hrs > 3 mph from 211 - 2390 

0.082 5230 9/8 14.4 49.9 8 hrs > 12 mph from 38 _ 680 

1351 9/29 3.5 175.2 4 hrs > 3 mph from 211 - 239· 

0.554 10310 9/8 14.4 49.9 8 hrs ,.. 12 mph from 38 _ 680 

4518 9/13 4.5 179.7 4 hrs > 5 mph from 216 - 228-
" 

0.451 11218 9/8 14.4 49.9 8 hrs > 12 mph from 38 - 68" -
4250 9/16 5.1 194.9 5 hrs > 4 mph from 236 - 262" 

0.269 12021 9/8 14.4 49.9 8 hrs > 12 mph from 38 - 680 

5110 9/16 5.1 194.9 S hrs ,.. 4 mph from 236 - 2620 

0.201 3358 9/27 3.7 154.8 4 hrs > 4 mph from 203 - 233" 
2992 9/8 14.4 49.9 8 hrs > 12 mph from 38 - 68· 

0.116 4422 10/10 12.3 242.2 6 hrs > 10 mph from 227 - 267-
2733 9/28 3.4 165.5 5 hrs > 2.5 mph from 192 - 203" 

1.241 8532 10/10 12.3 242.2 6 hrs > 10 mph from 227 - 267" 
8059 9/29 3.5 175.2 4 hrs > 3 mph from 211 - 239-

1.033 12065 9/8 14.4 49.9 8 hrs > 12 mph from 38 - 68· 
8086 10/10 12.3 242.2 6 hrs > 10 mph from 227 - 267· 

1.179 11782 10/10 12.3 242.2 6 hrs > 10 mph from 227 - 267" 
7915 9/29 3.5 175.2 4 hrs > 3 mph from 211 - 2390 
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Figures 4.3a and 4.3b show the relationship between weekly suspended lead captured in 

the atmosphere and lead content of deposition solids for the 1988 Dames & Moore 

study. An exceptionally strong and consistent relationship is observed across both sites. 

Figure 4.3c shows these results combined for the two sites. More than 85% of the 

variance in lead deposition is explained by concurrent atmospheric lead loadings. This 

suggests that metals loadings in the atmosphere could be an effective predictor of 

deposition. Deposition, in turn, seems to be indicative of potential recontamination and 

resultant surface dust concentrations. 

Metals concentrations in the captured solids are summarized in Table 4.8. Sinu1ar to 

TSP and airborne metals findings, highest concentrations for these metals did not 

necessarily correspond with highest total solids loadings. Recontamination potential or 

dust, litter and surface soil metal contaminant levels can be estimated from Table 4.8. 

On a weekly basis, surface lead concentrations of newly deposited dust, for example, 

could range to the maximum observed in the collected solids, (i.e., 16,000 to 

19,000 p.glgm). On an annual basis, concentrations could be as high as the weighted 

mean of 5,000 p,glgm at the Mine Timber Site or 2,250 p,glgm at the Middle School. 

These concentrations would dilute rapidly as the dust incorporates into the surface soils. 

The last column in Table 4.8 shows annual estimated metals deposition in mg/m2
• The 

value of 111.3 mg/m2 year for Smelterville is equivalent to about one pound of lead per 

acre per year. If this material were to distribute uniformly through the top inch of 

mineral soil, the follOwing annual increase in soils metals content might be expected 

throughout the top inch of soil! 

111.3p.gPb Im3soil 39.36in 118 .1 ","', * * =. p,c,sm ,rviyear 
m1 370gm 1m 
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A similar calculation for the Kellogg Middle School yieldS an estimated increase of 

3.7 p,g/gm lead per year. Estimated increases in litter layers could be an order of 

magnitude higher due to the lesser bulk density of the vegetative material. However, 

lead would not likely continue to accumulate in litter for as many years as in the ultimate 

sink of the mineral soil. Eventually levels in both soil and litter would likely equilibrate 

with the mean concentrations approximating those obseIVed in deposited dusts 

(i.e., 2,250 - 5,000 p,g!gm. at these sites). 

The lead concentration values obseIVed in deposited solids also corresponds with that 

obseIVed in the TSP at these sites for all three years of observation. Table 4.9 shows 

those results. Although the mean v~ues are not directly comparable because of 

differences in sampling and averaging techniques, these data suggest that the lead content 

of solidst either suspended or deposited, is similar for the three years. This suggests that 

the spatial variation in particulate metals levels is likely related to sources in the 

immediate vicinity of individual monitors. 
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Table 4.8 

TOTAl METAlS III DEPOSITIOH SOlIDS - 1988 
Smelterville Mine Timber (*4) 

Concentration in 
Depos t:l on Rate Total Dry Deposition 

p.g/ /hr So} id IlYJ/kg 
Metal Mean Range Mean Range 

Pb 12.70 0.8-83.8 5015 764-16800 
Cd 0.11 0.02-0.43 68 4-347 
As 0.25 0.03-1.45 117 13-316 
In 11.25 2.7-36.9 7121 1094-23508 
Mn 8.60 1.1-35.0 4532 1111-11545 
Fe 131.90 13.2-620.9 61762 23002-158507 
Sb 0.17 0.02-0.48 91 9-225 
Cu 0.66 0.12-2.35 393 80-1162 

KELLOGG MIDDLE SCHOOL (Site #7) 

Concentration in 
Depos~on Rate Total Dr.Y Deposition 

p.g/ /hr Solid IlYJ/kg 
Metal Mean Range Mean Range 

Pb 3.99 0.72-1S.3 2257 527-18868 
Cd 0.08 0.01-0.65 69 6-538 
As 0.19 0.02-1.43 127 17-352 
Zn 5.65 1.6-30.5 4873 653-16791 
Mn 3.65 0.65-21.S 250S 699-6063 
Fe 70.70 9.6-343.3 42841 15134-91300 
Sb 0.09 0.02-0.32 82 12-300 
Cu 0.48 0.10-6.38 465 64-8000 

Adapted from Dames & Moore. 1990c. 

Table 4.9 

I..£AD COItTEIIT OF CAPTURED SOLIDS 
lSI' M) DEPOSITIOII 1987 - 1988 

Total Annual 
Deposit~on 

mg/m 

111.3 
1.0 
2.2 

98.6 
75.3 

1156.0 
1.5 
5.7 

Total Annual 
Deposi,on 

IlYJI 

35.0 
0.7 
1.7 

49.5 
32.0 

620.0 
0.8 

412.0 

Mine Timber (f4) and Kellogg Middle School ('7) Sites 

Hine Timber 
Mean Range 

*1987 TSP 4939 
1988 TSP 4492 
1988 Deposited Solids 5015 
1989 TSP 2847 

368-11961 
181-11413 
764-16804 
500-10310 

*1987/S9 data are for peak evel'!t days only 
1988 data are for entire year 

Middle School 
Mean Range 

3820 
2300 
2356 
1730 

246-8605 
88-2721 
527-18868 
311-3358 

The effect can be seen in ,the metals levels in captured solids during event monitoring. 

Table 4.3 shows the geographic variation in lead concentration to be significant, ranging 
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from an average of 1;647 f.Lg/gm Pb at Pinehurst to more than 10,000 f.Lg/gm at the 

Shoshone Apartments. The relationship between suspended and deposited lead shown in 

Figure 4.3c suggests that deposition rates would also vary geographically over the site in a 

manner directly proportional to suspended metals concentrations. Table 4.10 shows 

estimated lead metals deposition rates for 1987 obtained for the other monitoring sites 

using the relationships illustrated in Figure 4.3c. 

Table 4.10 

ESTIMTED AllIUM.. lEAD IlEPOSITlOl RATES 
AT EVEIT IIlIIIlOR l.OCATlOlS 

ReanTSP Mean Pb Estimated Estimated Estimated Annual Estimated Annual 
Monitor Cone Content Sus~ DepoSi~ lea~DePOSi tion Increase in Top Inch 

Location p.g/m3 of ISP < Ph (pg/m ) Pb (jlgi /hr) mg lbs/acre Soil (pg/gm}/yr 

1 - 87 1647 0.143 6.0 52 6.S 6 
2 76 3711 0.282 11.5 100 0.9 12 
3 71 6130 O~435 17.7 ISS 1.4 19 
4 79 4939 0.390 15.9 139 1.3 17 
5 71 5865 0.416 16.9 148 1.4 18 
6 55 3727 0.204 8.4 74 0.7 9 
1 58 3820 0.222 9.1 80 0.1 9 
8 60 6587 0.395 16.0 140 1.3 17 
9 70 10041 0.702 28.3 248 2.2 30 

These observations agree well with the range of recontamination rates estimated for the 

Interim Remedial. Measures (IRM) Fast-Track sites remediated in 1986 (TOt 1986a). 

That initial atmospheric transport investigation was conducted using fugitive dust source 

inventories from earlier studies (PedCo, 1975; PES, 1977; von Undern, 1980) and applied 

the U.S. Department of Agricuhure (USDA) wind erosion equation to estimate potential 

recontamination rates from windblown dust (Wilson, 1975). Based on assumed wind 

conditions, the effort applied a simplified Gaussian dispersion model to estimate the 

order of magnitude of deposition rates at the proposed remedial locations (TO, 1986a). 

Maximum recontamination rates (increases in soil lead concentrations) due to deposition 

of windblown dust were estimated to be on the order of .2 to 5.0 pOunds of lead per acre 

per year depending on the location of the receptor. This rate translated to estimated 
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increases of tens to hundreds of parts per million lead per year in clean soils. These 

findings implied that after several years, soil could be recontaminated to levels of concern 

for human health. The results also indicated that the major suspected sources of wind 

reentrained lead particulates were the CIA, the lead smelter complex, denuded hillsides 

in the vicinity of the complex, and barren areas near the Kellogg Middle School. Due to 

the unknown validity of the source inventories used and the simple methods applied in 

this study of resuspension and dispersion of windblown dust, conservative (i.e., worst 

case) assumptions were used. As a result, it was recognized that recontamination effects 

may be overestimated. 

Two efforts to assess recontamination rates at remediated sites were presented in 

Section 2.1.1. Table 2.3 showed original concentrations, remedial material 
, 

concentrations, contaminant levels measured two and three years after remediation and 

the 1986 original recontamination estimates for the "Past-Track" remedial sites. 

These results suggest that surface recontamination rates were as expected, less than those 

predicted in 1986, and similar to those observed in the 1988 deposition monitoring. The 

few litter sa~ples that were collected suggest recontamination rates of 10 - 100 p,g1gm/yr 

lead. No recontamination was evident in either the top inch or middle of the soil fill on 

sodded sites or play fields. Some recontamination was evident at the interface of 

replaced soils and top of the original cut. Whether this is due to contaminant migration, 

mixing at the time of placement, or imprecise layering of the sample is unknown. 

Graveled areas, particularly those used as parking lots, showed significant 

recontamination. Because of the low rates of surface deposition, these increases likely 

resulted from the continual working against the original layers below or tracking of 

contaminants by vehicles. The high levels noted on paved surfaces and the tennis court 

are suggestive of the ~gh concentrations see!l in the collected solids during the 1988 

deposition studies and observed as suspended lead. ~s indicates that highly 
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concentrated dusts from particular sources can present exposure concerns independent of 

the short-term recontamination potentiaL 

More recently, deposition modeling,efforts in the Non-populated Areas RI suggest that 

observed deposition rates may be biased low and actual recontamination rates may be 

higher than suggested from monitoring data (Dames & Moore, 1990<1). 

4.2.2.4 Summary of Ambient Particulate and Deposition Analyses 

In summary, these studies suggest that airborne particulate and deposited solids are 

event-related. The majority of both atmospheric loadings and deposition occur on 

relatively few days during the year and are related to high wind speeds and dry surface 

conditioIlS,.. Metals levels in suspended particulate and deposited solids correlate well at 

individual monitoring locations and geographically across the site. The latter observation 

supports the conclusion that metals, in both the air and deposited solids, originate from 

s,ources in the general vicinity of the monitors. As a result, both the conce.ntration of 

metals in the solids and the rate of metals accumulation through deposition depend on 

the location and orientation of the receptor to major dust sources in the valley. The 

highest particulate loadings are observed downwind from large barren areas of the v~lIey 

floor. The highest metals concentrations are seen downwind from the Smelter complex 

and rnill/concentrator area. 

Short-term metals concentrations in depositing dusts ranged from 1,600 to 20,000 /Lg/gm 

lead. These are high levels and warrant concern in areas accessible to young children. 

Long-term average concentrations could range from 1,000 to 10,000 /Lg/gm lead and 

could result in significant recontamination of remediated areas, to similar levels over a 

period of years. The ,highest lead concentrations in transported dusts are observed at 

locations nearest the most contaminated sources. Those sources are addressed in the 

next subsection. 
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4.2.3 Fugitive Dust Source Emission!Impact Estimates 

4.2.3.1 Emissions Estimates 

Considerable effort has been expended in the Non-populated Areas RI to characterize 

fugitive dust sources throughout the site. Emissions estimates have been developed for 

the complete windblown dust source inventory for the site (Dames & Moore, 1990a). 

These results will be used to support sophisticated modeling analyses in the Non­

populated Areas FS. They are presented below with simple modeling techniques to 

characterize these sources impacts in the Populated Areas for risk assessment purposes. 

Table 2.12 and Figure 2.4 showed sampling results and ·locations for 17 potential wind 

blown dust source ar~as sampled in the Populated Areas RI effort in 1986. This 

investigation focused on suspected wind blown dust sources located on the valley floor 

with the greatest potential to impact residential areas. Several other fugitive dusts 

sources located on the ·hillsides or within the smelter complex were not sampled at that 

time. 

In 1988-89, the remaining suspect fugitive dust source areas throughout the entire Study 

Area were sampled as part of the Non-populated RI/FS (Dames & Moore, 1990a). 

These results were combined with those sources characterized in the Populated Areas RI 

to produce an overall fugitive dust source map for the entire site using the Windblown 

Dust Equation methodology in a manner similar to earlier studies (pedCo, 1975; PES, 

1977; von Lindern, 1980; Tq, 19800). This methodology results in an estimate of amount 

of dust suspended by winds from each acre of surface in an annual or seasonal period. 

Appendix A4.1 shows the source area designations and summary statistics and emission 

estimates for each source for the entire site for total particulates and select metals. It is 

estimated that approximately 485 tons of particulate, 5,450 lbs. lead, 77 Ibs. cadmium, 

and 163 lbs. arsenic are suspended annually from the 103 windblown sources identified in 

the study area (Dames & Moore, 1990a). Recent analyses by CH2M HILL indicates that 
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approximately 5,321 Ibs/day of particulates are suspended by traffic in the Populated 

Areas of the site. Assuming 180 days of dry surface conditions per year, this translates to 

approximately 479 tons/yr of particulate suspension from road surfaces. Assuming an 

area mean concentration of 1,500 ppm lead in road dust yields and annual lead 

suspension from roads of 1,450 Ibs. (CH2M HILL, 1989; CH2M HILL, 1990g). 

Figure 4.4a shows the location, with respect to the overall site and the sources identified 

in Appendix A4.1, of the ten largest total particulate fugitive dust sources indicated in 

Dames & Moore 199Oa. These sources include a variety of larger areas ranging in size 

from 140 to 1,531 acres. Included are several barren zones on both the north and south­

facing hillsides, barren areas in the vicinity of the smelter, river channel, and Smelterville 

industrial corridor. These sources encompass 5,735 acres or about 39% of the total site 

area. In total they account for approximately 226 tons/year of suspended particulate or 

about 47% of the estimated total windblown dust emissions for this study area., 

Although these sources account for a large percentage of the total site emissions, other 

sources are more likely to adversely impact the Populated Areas because of proximity, 

per unit area emission rate factors, and metals content. 

Figure 4.4bshows the ten sources with highest particulate emission rates (tons per acre 

per year). None of the hillside sources appear on this list. However, both the Airport 

(#U61) and Forest Products (#U62) areas from the Smelterville FIats, are in the top ten 

for both total emissions and emission rate. The other sources with highest per area 

particulate emission rates are in the vicinity of the CIA (#U69, U7G, U71) the MiD! 

Concentrator Area (#H2, U53), specific, areas in the Smelter Complex (#H9, H5) and 

the Page Ponds Dikes (#U67). 

I 
I .. 
I 
I 
t 
1 
I' ., 

e,I 
a , 

) 

I 
,I 
I 
" 

I .. 
I 



'I 
I 
f' 
I 
I 

• -. 
'I'~ 

• 
Ie 
t-

.... -

.~' 
t .F 
.~ 

t~ 

• • 
~ , 

SOURCE 
NUMBER 

U20 
U61 
U03 
U37 
U21 
U62 
U39 
U34 

U19 
U25 

FIGURE 4.4a 
Fugitive Dust Sources Ranked by Total Emissions 

AREA TSP Pb Cd As 
DESCRIPTION (acre) (tons/yr) - - - (lbs/yr) 
SE HILLSIDE 1531 57 270 1.4 9.3 AIRPORT AREA 218 35 1130 3.6 14.8 
H HILLSIDE 928 24 47 0.4 1.6 
SW HILLSIDE 807 21 30 0.4 1.4 
SE HIllSIDE 403 18 67 0.4 1.2 FOREST PRODUCTS 140 17 580 2.1 9.0 
SW HILLSIDE 746 15 67 0.5 1.5 S HIllSIDE 244 14 16 0.3 0.8 NE HilLSIDE 523 13 56 0.3 0.9 
S HILLSIDE 195 12 27" 0.2 0.1 
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FIGURE4.4b 
Fugitive Dust Sources Ranked by Emission Rates 

SOURCE AREA TSP Pb Cd As 
HUI18ER DESCRIPTIOM (acre) (tons/acre/yr) - - (lbs/acre/yr) - -

H9 . WHEfLABRATOR BAGIfOUSE 0.014 0.18 170.4 20 58 
1161 AIRPORT AREA 218 0.16 5.2 0.02 0.07 
053 OU) fIOMESlTES 25 0.14 6.1 > 0.05 0.13 
H2 N OF COMt BlDG 0.092 O.ll 7.9 0.15 0.20 
U11 SlAG PILE 49 0.12 2.6 0.05 0.11 
Il67 PAGE POND DIKES 49 0.12 1.1 0.01 0.05 
Il62 fOREST PROOUCTS 140 0.12 4.1 .0.01 0.06 
U69A CIA BEACHES 97 0.11 0.2 0.01 0.20 

.010 GYPSUM POND/DIKES 56 0.11 0.5 0.01 0.04 
H5 lIDRBlO BAGHOUSE 0.018 0.11 19.3 4.39 26 

Figure 4..5a shows similar results for total lead emission sources. Unlike total 

particulates, the largest predicted lead sources are mostly confined to the valley floor. 

The Smelterville Flats areas near the Airport (#U61) and the Forest Products (#U62) 

areas are the" two largest lead sources followed by the Smelter Complex (#U55) and 

Warehouse (#U51) area. These four sources account for 50% of the total estimated 
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wind suspended lead for the site. One hillside appears on this list, but may be an artifact 

resultant from the disproportionate size of this area. Also included among the ten 

largest total lead emission sources are several barren areas on the valley floor and within 

the smelter complex. These ten sources account for 67% of the sitewide total lead 

emissions. 

Figure 4.5b shows the ten largest Ph emission rate sources by unit area. These sources 

are all located in or near the lead smelter complex and include areas exhibiting mean 

lead concentrations ranging from 61,100 to 497,000 p.,g/gm. These same sources also 

appear in Figures A4.2 through A4.5 in Appendix A4.1 as having the ten largest arsenic 

and cadmium emission rates. Generally, the highest emission rates for aU contaminants 

of concefI!, in units of mass per area, occur in or near the smelter and are related to the 

high metals content of these sources. 

In term~ of total metals, Figures A4.2a through A4.5a in Appendix A4.1 show significant 

differences in those sources that contnbute most to suspended arsenic and cadmium 

particulates from the site. The largest sources of cadmium are the lead Smelter Complex 

(#U55) and Warehouse (#U51) area. These two sources account for nearly 60% of 

total cadmium windblown emissions for the entire site. Other important sources are the 

Airport Area and Forest Products, the Slag Pile area, and hillsides and barren zones near 

the smelter complex. The ten largest sources of cadmium account for 79% of sitewide 

total cadmium emissions. 
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FlGURE45a 
Fugitive Dust Sources lbmked by Total Lead Emissions 

SOURCE AREA TSP Pb Cd As 
HUMBER DESCRIPTION (acre) (tons/acre/yr) - - (lbs/aere/yr) - -

U61 AIRPORT AREA 218 35.4 1130 3.6 14.8 
002 fOREST PRODUCTS 140 16.7 58Q 2.1 9.0 
U55 P8 SHELTER COMPLEX 99 1.6 552 24.2 11.5 
USI WAREHOUSE AREA 34 1.0 451 21.6 18.5 
UZO SE HILLSIDE 1531 57.1 270 1.4 9.3 
P12 CDA/PINE CREEK CONFLUENCE 238 7.3 160 0.0 0.0 
US3 OLD HOHESlTES 25 3.7 155 1.3 3.3 
U7l SLAG PILE 49 5.9 127 2.3 5.5 
049 HEAR SHOSHOHE APARTMENTS 31 1.3 125 0.1 0.6 
000 OUTDOOR TH;EATER 80 5.6 103 0.6 2.5 
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FIGURE 4.5b 
Fugitive Dust Sources Ranked by Lead Emission Rate 

SOURCE AREA TSP Ph Cd As 
NUMBER DESCRIPTION (acre) (tons/acre/yr) - - (lbs/acre/yr) - -

H9 WHEElABRATOR BAGHOUSE 0.01 0.18 170.42 19.64 57.77 
H5 NORBLO BAGHOUSE 0.02 0.11 79.27 4.39 26.14 
H4 MAGNET GULCH STORAGE 0.69 0.10 76.25 2.87 20.41 
H6 BLAST FURNACE AREA 0.23 0.03 33.60 0.32 1.12 
812 SWEENEY POND ClEAROUT 0.23 0.07 23.24 3.90 0.55 
HID CD PlANT TANKS 0.03 0.04 21.46 3.08 0.69 
U51 WAREHOUSE AREA 33.85 0.03 13.34 0.64 0.55 
H8 BOULEVARD AREA 5.52 0.07 13.24 0.12 l.gs 
H13 STORAGE AREA W PB SHELTER 0.69 0.02 11.51 0.31 0.36 
til CROSBY POINT 0.11 0.08 9.98 0.25 1.83 

Most of the same sources are indicated for arsenic total emissions. However, the largest 

single arsenic source is the CIA Beaches that were not indicated among the largest lead 

or cadmium source. Several of the ten largest arsenic sources have similar total 

emissions and together account for 71% of sitewide total suspended arsenic emissions . 
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The results discussed in Section 4.2.3 suggest that both atmospheric metals loadings and 

deposition are sensitive to JocaJ source configurations in the immediate vicinity of the 

monitors. This observation. is further supported by examination of the relationship 

between suspended metals loadings and deposition and, in turn, the relationship between 

fugitive dust sources and metals loadings. 

4.2.3.2 Impact Estimates 

The simple Gaussian plume model employed in the 1986 recontamination study and 

discussed in the USEPA's Superfund Exposure Assessment Manual, (USEPA, 1988a), can 

be used to provide a first order evaluation of the relationship between metals loadings in 

TSP and local fugitive dust sources. USEP A 1988a shows the following form of the 

Gaussian PJume ModeL 

where Q = 
0, = 
Oz = 
U -
1t -

X -

release rate of substance from site, (mass/time). 
dispersion coefficient in the lateral (crosswind) direction, (distance). 
dispersion coefficient in the vertical direction, (distance). 
mean wind speed, (distance/time). 
the value pi = 3.14. 
atmospheric concentration (mass/Volume) 

Because majority of atmospheric total particulate and metals loadings at this site occurs 

under prescn'bed meteorological conditions, this model can be simply applied to identify 

critical sources at select monitor locations. Earlier discussions showed that most 

particulate events are associated with high wind speeds (5 to 20 mph) out of the west! 

southwest sectors under C and D stability. Solving the Gaussian equation at 

representative wind speeds under C stability suggests that under these conditions the 

major portion of metals loadings observed at a monitor derives from sources located 

directly upwind and within a few thousand yards of the monitor. 
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Because most of the winds capable of suspending significant particulate emissions come 

from the W, WSW, and WNW sectors, sources located within 1-1/4 miles upwind in that 

direction are those most likely to contribute to the cumulative impact at the monitor 

location. Figure 4.6a shows these sectors extending 1-1/4 miles upwind from select 

monitor locations. Figure 4.6b shows the Mine Timber site in detail. The sources 

located within these sectors are suspected of contributing the greatest load to the monitor 

during major WSW wind events. The potential impact at the monitor location of the 

various sources included in this upwind sector can be evaluated using the Gaussian plume 

equation. That equation was solved for each of the source-monitor combinations to 

identify expected particulate metals concentrations from the inclusive sources at each 

monitor location. 

This simplified analysis was accomplished under the following assumptions developed 

from the June to November 1987 meteorological observations. 

• Stability Category C - Typical wind speed - 4.5 mph 

• Wind direction WNW - 17% of time 
W 55% of time 
WSW - 28% of time 

• Emission Rates from Dames & Moore, 1990a (AppendIx A4) 

Table 4.11 shows those sources expected to contnbute the largest TSP and lead impacts 

under this particular directional scenario for each monitor location. The source 

identification numbers correspond to those in Appendix A4, Figure A4.1 and Table A4.1. 

Similar analyses could be accomplished for other meteorological scenarios. 
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scale in miles 

F.tgUre 4.6a 
Example Up--Wind Sectors Cor Select Monitor Locations 

Figure 4.6b 
Detailed Up--Wmd Sector for Smelterville Mine Timber Site 
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'I 
I Table 4.11 

POTEHTIAL MAJOR SOURCE CONTRIBUTORS TO MONITOR lOCATIOiliS .. fR(Jt THE WNW, W. WSW WIll) DIRECTIONS" 

Largest TSP Sources Largest Pb Sources 
Monitor f Description in WNW. W. WSW Sectors in WNW. W. WSW Sectors 

1 Pinehurst School P14 PINEHURST Pl4 PINEHURST 

I P13 PINE CR. CHANNEL U01 NW HILLSIDE 
U01 NW HILLSIDE Pl3 PINE CR. CHANNEL 

2 Smelterville Sewage Lagoon U67 PAGE POND DIKES U62 FOREST PRODUCTS 

• 
U62 FOREST PRODUCTS U67 PAGE POND DIKES 
U61 AIRPORT AREA U61 AIRPORT AREA 
U39 SW HILLSIDE U65A W PAGE SWAMP 
U65A W PAGE SWAMP U39 SW HILLSIDE 

'I 3 Silver King School US6A NEAR GOY GULCH US6A NEAR GOV GULCH 
U568 NEAR GOY GULCH U56B NEAR GOY GULCH 
U31 S HILL/NEAR SMELTER USI S HILL/NEAR SMELTER 
U34 S HILLSIDE U61 AIRPORT AREA 

I. 
U36 S HILLSIDE U62 FOREST PRODUCTS 
U61 AIRPORT AREA 

4 Mine Timber Company U59 lIRFOR LUMBER U59 URFOR LUMBER 
U61 AIRPORT AREA U61 AIRPORT AREA 

1-' U62 FOREST PRODUCTS U62 FOREST PRODUCTS 
U64 FAIRGROUNDS U64 fAIRGROUNDS 

, .;.. U67 PAGE POND DIKES U67 PAGE POND DIKES 

5 Drive-In Theatre! U60 OUTDOOR THEATER U60 OUTDOOR THEATER 

I. Truck Stop U61 AIRPORT AREA U61 AIRPORT AREA 
U42 190 R.O.W. U62 FOREST PRODUCTS 
U62 FOREST PRODUCTS U59 LINFOR LUMBER 
U59 LINFOR LUMBER U64 fAIRGROUNDS 

Ie 6 Kellogg Visitor's Center POI 190/COA CORRIDOR U69 CIA 
U69 CIA POI 190/CDA CORRIDOR 
U61 AIRPORT AREA U61 AIRPORT AREA 
U70 GYPSUM POND/DIKES U53 OLD HOMESITES ir' U71 SlAG PILE U55 PB SMELT COMPLEX 

H8 BOULEVARD AREA .. -
7 Kellogg Middle School U69 CIA U69 CIA 

It U70 GYPSUM POND/DIKES U55 PB SMELT COMPLEX 
U52 BUNKER CR CORRIDOR U52 BUNKER CR CORRIDOR 
U53 OLD HOMESITES U53 OLD HOMESlTES 
U61 AIRPORT AREA H8 BOULEVARD AREA 

IIJ 
U62 FOREST PRODUCTS U61 AIRPORT AREA 

U62 fOREST PRODUCTS 
8 Mineral Subdivi,sion U49 HEAR SHOSHONE U49 HEAR SHOSHONE 

U53 OLD HOMESITES U51 WAREHOUSE AREA 

II U69 CIA, U50 WTR TRT PlANT 
~~! U50 WTR TRT PlANT U53 OLD HOHESITES 

U52 BUNKER CR CORRIDOR H8 BOULEVARD AREA 
U55 PB SMELT COMPLEX 

'I[ 9 Shoshone Apartments P06 UNDEVELOPED AREA U49 NEAR SHOSHONE 
U69 CIA U51 WAREHOUSE AREA 
U49 NEAR SHOSHONE H8 BOULEVARD AREA 
US3 OLD HOHESITES U50 WTR TRT PlANT 

11 P05 VACANT LOT U53 OLD HOMESITES 
U55 PB SMELT COMPLEX 

locations and 10 numbers can be found in Appendix A4. Figure A4.1. ' 

• * See Figure A4-1 
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Review of Table 4.11 and the results and discussions of the preceding sections can 

identify those sources most likely to impact the Populated Areas. In Pinehurst the most 

important wind-blown dust sources are from within the residential/commercial district, 

the local Pine Creek channel and the SFCDR. channel. The high particulate loadings 

noted in Pinehurst are likely related to local traffic-induced dusts in summer months and 

wood smoke in winter months. Neither of these sources exhibit metals levels of concern. 

The highest metals levels observed seemed to be associated with east winds from the 

remainder of the site. 

Significant ~ pathways in Smelterville are also, likely, related to dusts generated within 

the area. Several streets and alleys are unpaved and roadside dust and soils had 

geometric mean concentrations of 4,800 p.glgm Pb, 47 p.g!gm Cd, and 111 p.g!gm As. The 

most significant total particulate and lead sources upwind of Smelterville are the Page 

Pond Dikes (#U67), the Forest Products Area (#U62), Airport Area (#U61), West 

Page Swamps (#U65a), and the south sloping denuded hillsides west of the Grouse 

Creek Drainage (#U39). Because of proximity and high concentrations, several sources 

in the smelter complex, the Fairgrounds (#U64), and Linfor Lumber (#U59) areas could 

contnDute significantly to metals loadings in Smelterville. 

Because Kellogg and Wardner span the valley floor from north to south, almost all the 

sources to the west of town can have substantial impact under particular meteorologic 

conditions. The most important particulate and lead sources to the Sunnyside Area on 

the north side of the valley are the CIA (#U69), the Freeway Corridor (#POl), the 

Gypsum Pond (#U70), Slag Pile Area (HU71), Airport Area (#U61), Lead Smelter 

(#U55), Old Homesites (#U53) and Boulevard Storage (#H8). 

In the Mineral Subdivision, in the center of the valley, the most important sources are 

the CIA (#U69), Lead Smelter (#U55), Old Homesites (#U53), Boulevard Storage 
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(#H8), Airport (#U61) and Forest Products (#U62) Areas, and the vacant lot west of 

the sub-division (#P05, P06). Old Town Kellogg and Wardner are affected by the 

Smelter Complex (#U55), Old Homesites (#U53), Boulevard Storage (#H8), Mill/ 

Concentrator Area (#U50, U51, HB), and barren hillsides in the complex area (#U72), 

and the Bunker Creek Corridor (#U52). 

Detailed modeling efforts in the Feasibility Studies (Dames & Moore, 1990d) or to 

support enforcement orders can, likely, quantify the relative impacts of these sources at 

particular receptor locations. However, most of these sources, probably have a 

significant impact at some location within the Populated Areas. It may be sufficient to 

assess the hazard associated with these sources on the basis of source characteristics 

detailed in_Appendix 4.1. 

4.2.4 Summary of Air Migration Routes 

The preceding sections have discussed the results of the investigations of the sources, 

atmospheric transport, loadings, deposition, and fate of airborne contaminants. 

Concerning migration into or within the Populated Areas, these contaminants present 

three primary concerns identified as: 

• Transport of dusts containing concentrated metals into areas where they 
can be directly accessed by the resident population, especially children; 

, 

• Accumulation of these dusts in reservoirs in the Populated Areas where 
they represent both a continuing contact source or a recontamination 
source to remediated soils and surfaces; and 

• Transport and deposition of contaminants into areas where they become 
available to other migration processes that can, in tum, result in human or 
ecological exposures. 
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With respect to TSP, levels are generally acceptable throughout the site. Annual 

average particulate loadings do not vaty greatly across the site, ranging from 

approximately 45-50 p,g/m3 in Kellogg to 60-70 p.g/m3 in Pinehurst. However, peak 

loading concentrations vary considerably, ranging from 500 p,glm3 at Pinehurst to 

900 p,g/m3 per 24 hour period at central valley locations. For most of the year, daily TSP 

levels are below 50 p,g/m3 with approximately 4 to 18% of daily observations exceeding 

100 p.glm3 and 2 to 7% exceeding 150 p.g/m3 depending on monitor location. These days 

account for a disproportionate share of the annual particulate loading, i.e., the worst 10 

to 20 days accounting for 30 to 40% of the total annual loadings. 

Most of these extreme loading days are associated with adverse meteorological conditions 

that combipe high wind speeds with dry surface conditions. These events tend to occur 

in late winter to early spring, late summer, or early fall. The most severe events seem to 

be associated with frontal conditions exacerbating mountain-valley drainage . 

meteorological phenomena. Some high particulate days at certain monitors seemed 

unrelated to wind conditions as a suspension mechanism but show high metals 

concentrations associated with particular sources. This suggests that the responsible 

emissions might have been mechanically induced at specific sources and locations 

affecting those monitors. Automobile traffic within the Populated Areas also contnbutes 

significantly to particulate and metals suspension. 

Notwithstanding anthropogenic source events, the majority of particulate loading at all 

monitors is explained by particular meteorological conditions including dry surface 

conditions, wind speeds exceeding 5-8 mph, and directional persistence of two to eight 

hours. These conditions seem to occur ahnost exclusively under C and D (neutral) 

stability conditions with winds originating from the west and west/southwest 

(approximately 15-20 days per year). On rare occasions, 2-5 days per year, these winds 

can originate from the east. 
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These same days also have a marked effect on ambient air metals loadings. With respect 

to total annual loading, 19% of TSP, 31% of lead and 16% of cadmium occurred at 

Smelterville during the last two weeks of August and first two weeks of September 1988. 

It seems that the majority of total metals loadings in the air and total transport occurs in 

concert with the maximum TSP days. However, with respect to metals concentrations in 

the dusts, there does not seem to be a one-to-one relationship with TSP. High metals 

concentrations in the dust can occur under a variety of conditions, and are sensitive to 

wind direction. Winds blowing from the smelter complex can result in extreme metals 

levels (i.e., 1 to 4% Pb) at several monitor locations. Geographic variation among 

monitor locations is also evident. Average seasonal lead concentrations varied from 

800 p.glgm at Pinehurst (#1) to 10,000 p.glgm at Shoshone Apartments (#9). Generally, 

metals coI!.centrations in captured dusts increase from west to east on the site. Monitors 

near the smelting complex exhtbit higher concentrations than those on the north side of 

the valley • 

Particulate deposition was monitored for one year at two monitor locations. One site was 

downwind from the Smeltervt11e industrial corridor and the other downwind from the 

CIA Total deposition and metals content were bot~ higher at the former site. Annual 

lead deposition rates were 1.0 and 0.3 Ibs/acre for lead at the Smelterville and Middle 

School sites, respectively (#4 and #7). These lead deposition rates could increase soil 

lead levels by 4 to 12 p.g/gm per year, if fully incorporated, in the top inch of mineral soil. 

Litter layers could be increased by several times this rate. 

Measured recontamination rates were not inconsistent with these estimates. Litter and 

vegetative cover materials seemed to have increased at rates of 10-10(Ys of p,g/gm per 

year at remediated sites. Recontamination was not detectable in surface replacement 

soils in the three years since remedial action was taken. Based on these data, it seems 

several years would be required to recontaminate remediated soils and sod to levels of 

health concern. However, the composition of the recently deposited materials could be 

of immediate concern. Mean annual concentration of deposited solids ranged from 3,365 
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to 5,423p.g/grn Pb, 68 to 69p.g!grn Cd, and 117 to 127 p.g!gm As at Smelterville Mine 

Timber and Kellogg Middle School, respectively. Mean weekly concentrations ranged 

from 527 to 18,868 /Lg/gm Pb, 4 to 358 ILglgm Cd, and 13 to 352 /Lg/gm As at the two 

sites. 

Dust metals levels and recontamination rates are estimated to be higher at other 

locationsJ particularly those near the smelter or Mtl11ConcentratorICIA portions of the 

complex. In areas near the Shoshone Apartments estimated lead recontamination rates 

and concentrations in depositing dusts are nearly twice those observed above. 

Because the bulk of airborne contaminant transport and deposition seem to be event­

related, and the majority occurs under particular meteorologic conditions, those sources 

most likely responsible for metals transport can be identified. In Smelterville, the largest 

suspected sources of lead are generally barren areas on the Smelterville Flats and nearby 

hillsides. The smelter complex and immediate environs have significant impact when east 

winds occur. 

In Kellogg, the Sunnyside area is impacted most by the Smelterville Flats, CIA Beaches 

and Dikes, and the smelter complex. The Mineral Subdivision is impacted by barren 

areas east of the CIA, the CIA Beaches and Dikes, the MiIl/ConcentratorlBoulevard 

areas, and the Smelter Complex. The Old TownlWardner areas are impacted by the 

same sources and the contaminated hillsides in the vicinity of the comp1ex. 

In summary, every major l~d fugitive dust source in the Study Area likely has an adverse 

impact. In addition, these dust sources represent both a potential short-term and long­

term exposure and recontamination threat to some residential locations. Detailed 

modeling may be required to quantify the relative effects among sources at different 

receptor locations. Health risk and remedial needs assessments, however, can likely be 

based on measured emission estimate characteristics. 
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4.3 Water Pathways 

4.3.1 RI Investigation~ 

Several investigations have been undertaken to assess waterborne contaminant migration 

pathways identified in Figure 4.2. The bulk of the efforts have been accomplished in the 

Non-populate9 Areas RI and include elements of several major tasks performed by the 

PRP. Table 4.12 shows the major elements of the Non-populated RI (GRC, 1987). 

Table 4.12 

ORGAIIIZATIOI OF THE __ POPULATED AREAS 
REMEDIAl.. IlMSflGATIOI/f£ASIBIUlY S11I)Y (RIffS) 

R£iEdial Investigation 
CClllpletion 

Date 

Task 0 - Determination of Contaminants of Concern 1988 
Task 1 - Soils and Surficial Materials Investigation 1989 
Task 2 - Surface Water Investigation 1990 
Task 3 - Groundwater Investigation 1991 
Task 4 - Air Investigation 1991 
Task 5 - Vegetation and Terrestrial Biology Investigation 1990 
Task 6 - Central Impoundment Area (CIA) Investigation 1991 
Task 7 - Page Pond Investigation 1990 
Task 8 - Bunker ltd. Smelter Complex Investigation 1990 
Task 9 - Remedial Investigation Report 1991 
Task 10 - Public Health Evaluation 1991 
Task 11 - Supporting Investigations 1991 

Feasibility Study 

Task 12 - Screening of Remedial Technologies 1992 
Task 13 - Focused Feasibility Study 1992 
Task 14 - Development and Evaluation of Alternative 

Remedial Actions 1993 
Task 15 - feasibility Study Report 1994 

The Surface Water and Aquatic Biology Investigation emphasizes sampling and analysis 

of surface water bodies. Information has been colle~ted on contaminant mass loadings, 

ambient water quality conditions, sediment characteristics, runoff, stream and tnbutary 

flows, benthos and fish composition, abundance, and bio-assays of specific aquatic 

organisms. In the Groundwater Investigation existing wells have been in~entoried. 

Surveys have been performed to evaluate valley fill materials, underlying geology, and 
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aquifer characteristics. Monitoring wens have been established and numerous 

geohydrologic and chemical data have been collected. Contaminant sources have been 

identified and comprehepsive flow and contaminant transport modeling efforts are 

anticipated. Under the Vegetation and Terrestrial Biology Investigation, extensive 

erosion assessments and modeling have been undertaken. Both sheet and gully erosion 

have been evaluated in relation to soil type, topography and vegetative cover on the 

hillsides portion of the site. 

The CIA Investigation and the Page Pond Investigation concern large confined tailings 

piles serving as waste water impoundments with associated discharges to both surface and 

groundwaters. Extensive studies have been undertaken to monitor flows and 

contaminant loadings at both of these facilities. Two special efforts are being undertaken 

in the Smelter Complex Investigation to address both surface and groundwater 

co~ponents of contaminants migration at the industrial facility. For surface waters this. 

includes delineating drainage basins, identifying waste sources within sub-basins, 

evaluating the status of existing drainage systems, and collecting and analyzing runoff and 

sediments. A separate effort will characterize groundwater beneath the smelter complex 

with respect to water quality, flow, and aquifer parameters, and to identify contaminant 

sources. 

The results of these combined investigations will provide the data necessary to develop a 

comprehensive assessment of waterborne contaminant migration on a sitewide basis. 

That evaluation will be accomplished as. part of the Feasibility Study and Risk 

Assessment efforts envisioned for the Non-populated Areas. 

In contrast, only limited studies have addressed the water pathways in the Populated 

Areas. This is because surface and groundwater investigations have been a major area of 

emphasis in the Non-populated Areas and because fewer waterborne contaminant issues 

directly affect the Populated Area~ especially as human exposures are con~erned. The 

major concerns related to waterborne transport of contaminants within, or into, the 
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Populated Areas can be summarized in three areas. Those are: 

• Use of or the development of local water sources for potable water, 
irrigation, or industrial supplies; 

• Movement of contaminants into, or within, the Populated Areas by runoff 
and storm events; and 

• Leaching of contaminants from soils and subsoils in the area. 

Because of the availability of ARARs for potable water supplies, that issue is addressed 

in Section 3 of this document. The mass transport of solids into the Populated Areas is 

discussed below in Section 4.3.2 as it relates to waterborne erosion on a sitewide basis. 

The issue t'lf leaching has four components, relevant to the Population Areas, including: 

• In-situ leaching as a source of groundwater contamination, 

• Disposal characteristics of contaminated soils, 

• Sub-soils as a source of recontamination to remediated areas (upward 
migration or biological translocation), and 

• The mineral soits role as an ultimate sink of deposited metals. 

All of these components are discussed as they relate to environmental persistence and 

mobilization or immobilization issues in Section 4.3.3. 

4.3.2 Water ErosionlMass Loading Studies 

Results of erosion modeling studies conducted in the Non-populated Areas were 

reported in May of 1990 (Dames & Moore, 1990b). The site was divided into 80 areas 

similar to those descnbed in the fugitive dust assessment effort discussed in Section 4.2. 

Both sheet wash and rill erosion were evaluated using the Universal Soil Loss Equation 

(USLE). (Dames & Moore, 1990b). 
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Figure A4.6 and Table A4.2 in Appendix A4.2 show the surface erosion study units and 

annual soil loss computation estimates, respectively. Although these results project 

maximum rates and have not been cahbrated to observed runoff or mass loadings, the 

results provide a relative ranking of those units where greatest waterborne erosion rates 

are expected. Figure 4.7 shows the locations of ten units with the highest annual total 

erosion in tonslyear. These ten units encompass 1,937 acres and account for 379,570 

tonslyear in total, or approximately 46% of the site hillside mass loading total. Several 

large units are included in this list. Figure 4.8 shows those units with the highest sheet 

and rill erosion rates in tons/acrelyear. This list largely includes the same hillsides in the 

immediate vicinity of the smelter complex on the south side of the valley. 

Gully erosion was also evaluated for the site (Dames & Moore, 1990b). Sixtee~ areas of 

active gully erosion were identified. Ten of these gullies were studied in detail to 

qualitatively evaluate erosion potential under current conditions. Those gullies are 

identified in Figure A4.7 and Table A4.3 in Appendix A4.2. Estimated age and present 

and projected gully dimensions are shown. Table A4.4 in Appendix A4.2 sum~arizes 

anticipated erosion volume over the next fifty years under current conditions. All of the 

major gullies are located in the barren drainages identified as major sheet and rill erosion 

sources. 

Vegetative cover was identified as a key variable in projecting future gully erosion rates. 

A weighted cover variable for the various units was calculated and is presented in 

Figure 4.9. This weighted value shows that the least cover and greatest erosion rates are 

nearest the smelter co~plex. The same drainages flow to and through the Populated 

AreaS near Smelterville to either the South Fork of the Coeur d·Alene River or the Page 

Swamps. 

Areas near the smelter complex also demonstrate the highest contaminant 

concentrations. This combination could result in significant waterborne contaminant 

migration to the Populated Areas, either in the form of sediments collecting in the 
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Figure 4.7 - Hillside Erosion Areas Ranked by Total Soil Loss (rons/year) 

Drainage Area Soil Loss Total Loss 
Area No. {acres} {tons/acrefyr) {tons/!ear) 

23 206.0 35Q 73857 

25 185.0 347 64156 
28 217.0 192 41633 

22 163.8 228 37342 

7 473.6 63 30030 
18 121.6 240 29184 
11 124.2 226 28067 
21 103.0 254 26197 
19 164.5 152 24954 
26 177.9 136 241251 

TOTAL 1936.6 2196 379570 

BOIT'1'93,1I23.SlItlm 
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Figure 4.8 - Hlllside Erosion Areas Ranked by Son Loss Rate 
(tons/acre/year) 

Drainage Area Soil Loss Total Loss 
Area No. {acres} !tons/acre!yr) !tons!year! 

23 206.0 359 73857 

25 185.0 347 64156 
24 ~2.9 329 14133 

21 103.0 254 26197 
18 121.6 240 29184 
22 163.8 228 37342 
11 124.2 226 28067 
12 36.5 213 7791 
78 49.3 213 10480 
15 59.5 210 12513 

TOTAL 1091.8 2619 303719 

BOll193J02151/rllll 
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Figure 4.9 

EStiMat~d Av~rage 
Percent U.g~tative 

Cover 

> 70X 

40-70X 

20-40X 

J.0-20"/. 

< 10"/. 

Estimated Average Vegetative Cover by Area (percent) 
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drainage ways, or flooding if the drainway capacities are exceeded. Table 4.13 

summarizes sediment metals contents measured in these drainages and the South Fork of 

the Coeur d'Alene River. Metals contents in sediments from hillside drainage range 

from 650 to 13,100 /Lglgm Pb, 6 to 16 p,g/gm Cd, 10 to 158 p,g1gm As, and 760 to 4,600 

p,g1gm Zn are noted. 

Table 4.13 

IETAtS lEVELS FOR SEDDDT SNlPUS COUECTm f10I 
HIllSIDE DRAIIUIGE NIl SIElTERVlUE flAlS LOCATIOIIS 

(an units in pg/flD in <200 mesh sample) 

Sb As Cd Cu Fe Pb 

Hillside sediment 

Haxi_ Value 15.6 158.0 16.30 191.0 62100 13100 
HinillUl Value 12.0 10.0 6.10 26.8 17000 652 
Aritl1.1tean 12.7 55.2 10.24 75.8 33800 5077 
GeaR. Mean 12.6 36.3 9.53 32.9 29781 2511 
Count 1 1 1 7 7 7 

Smelterville Flats Sediment - {Flood Plains North of I-90} 

HaxillUll Value 64.4 449.0 133.00 572.0 154000 21100 
MinillUD Value 14.8 132.0 67.60 259.0 43700 4220 
Aritn. Hean 43.2 331.3 91.20 383.3 108200 13545 
bean. Mean 37.7 300.8 86.80 366.4 96127 11436 
Count 4 4 4 4 " " 
Smelterville Flats Sediment - (Commercial Zone Northeast Residential) 

HaxillUll Value 
HinillUD Value 
Arfth. Hean 
Seam. Mean 
Count 

48.2 
12.2 
30.2 
24.2 

2 

305.0 
93.3 

199.2 
168.7 

2 

111.00 
15.20 
93.10 
91.40 

2 

403.0 
215.0 
309.0 
294.0 

2 

11600 
30200 
S0900 
46501 

2 

9180 
2410 
5795 
4104 

2 

MIl 

22300 
1000 
5047 
2535 

7 

14200 
2930 
9510 
8077 

4 

25500 
5160 

-15330 
11471 

2 

1.92 
0.98 
1.41 
1.39 

7 

9.13 
4.70 
7.21 
6.93 

4 

5.80 
5.30 
5.55 
5.54 

2 

4.3.3 Environmental Persistence/Dissolved Metals Mjgration 

Zn 

4540 
768 

1958 
1520 

7 

10200, 
5700 
7735 
7551 

4 

11100 
7020 
9360 
9063 

2 

The mobility of metals in solution in the soil profile, contaminant migration in 

groundwater, and the fate and sinks for various metals are all related to their respective 

capacity to leach. Mobilization of metals between the solid and liquid phases of soil and 
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subsequent migration in the groundwater and soil solution are complex processes, often 

best described empirically. This section briefly describes the persistence of metals in the 

soil as it relates to mobilization or immobilization for several metals. The results of 

leachate tests are then reported and discussed. 

The mobility of contaminants in environmental media is dependent on a number of 

factors. Among the most important concerns are the physical and chemical 

characteristics of the contaminant and the media. Several project documents have 

discussed environmental mobility, usually as it pertains to a specific metal's characteristics 

and its propensity to partition various environmental compartments. Relative to the 

contaminants of concern in the Populated Areas and waterborne migration, solubility and 

sorption a!e likely the most important considera~ions. With regard to soils, trace metals 

are normally distributed between the liquid and solid phase of the soil column. The 

liquid phase of the soil column can be either free liquid in the pore spaces at or below 

the water table, or exist as a thin film of moisture in intimate contact with the solid phase 

in the vadose zone. In the liquid phase, metals exist as free ions or as soluble complexes 

with organic or inorganic ligands. Organic ligands are typically fulvic and humic acids 

and inorganic ligands may be iron or manganese oxides. 

In the solid phase, metals may be incorporated into the crystalline minerals of the parent 

rock or secondary clays, or precipitated as insoluble organic or inorganic complexes. 

Metals may also adsorb onto the surface of any of these solid forms. The availability of 

these metals to leach to the groundwater, for uptake by flora and fauna, or to translocate 

in solution is determined by the equilibrium distribution between liquid and solid phase. 

The most mobile form of the metal is in the moisture film surrounding soil particles. 

From there, metals can move to the free water for transport or into plant roots or 

microfauna for translocation. The least mobile forms are in the parent rock derivatives 

where the metals may be bound in crystalline structures. The mobility for complexes and 

precipitates is intermediate to these extremes and is generaIIy sensitive to chemical 
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environment of the soil. Important factors influencing solubility are the availability of 

organic matter, pH, and presence of specific inorganic ions. The reverse of mobility, 

immobilization, is dependent on the solid phase form., the tendency toward 

transformation to less soluble forms by precipitation, ion exchange with hydrous oxides or 

clays, or by chelation with humic or fulvic acids. 

As a result, the availability of the metals to migrate in solution within or from 

contaminated soils in the Populated Areas can be expected to depend on the metal 

forms, moisture content, and the specific soil-chemical environment. Lead, the 

predominant contaminant of concern for the site, tends toward immobilization. The 

parent compounds of galena and lead carbonates from mine and mill discharges, and 

lead oxides. from pyrometallurgical operations are relatively insoluble in water at normal 

pH. Sorption seems to be the dominant process affecting the distnbution of lead in the 

soil with both inorganic and organic adsorption favoring insoluble compounds. As a 

result, the accumulation of lead in soils is primarily a function of the rate of deposition. 

Most lead is retained in the upper soil layers and relatively little passes to surface or 

groundwaters as leachate. However, at this site where contamination is widespread, 

sufficient amounts of lead do leach to the groundwater to exceed the MCL 

In surface waters, lead diss~lved from local sulfide ores tends to combine with carbonate 

or sulfate ions to form insoluble compounds. Lead is noted for its tendency to form low 

solubility compounds with the major anions of natural waters. As a result, lead is 

generally not expected to migrate significantly in solution. Again, however, dissolved lead 

concentrations in the upper aquifer routinely exceed the MCL The major sinks of lead 

expected for the Populated Areas are the surface layers of the mineral soil and 

sediments. 

As opposed to lead, some of the other notable contaminants of concern are expected to 

be mobile in solution ,along water pathways. Zinc and cadmium are among the more 

significant and show similar chemistry in natural waters and soil solutions. Both exhibit a 
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valence of + 2 in aqueous environments and are readily transported in surface and 

groundwaters. Sorption processes are dominant determinants in both metals' fate in 

natural waters. In aerobic environments, zinc will precipitate and partition into 

sediments by sorption onto hydrous ion and manganese oxides, clays and organic 

material. In a reducing environment, zinc can be released and readily pass into solution. 

Zinc is not likely immobilized in soils to the extent of lead, and may be continually 

avatlable to waterborne pathways with an ultimate sink in the sediments. 

A significant factor in cadmium fate and transport is its ready ability to complex with 

organic matter in solution. Cad~ium is strongly bioavailable and bioaccumulates at all 

trophic leve1s. Cadmium can leach to the groundwater and is readily taken up by plants, 

where it is_available to the food chain, and could tend to bioaccumulate in the organic 

soil horizon. 

Arsenic exlubits the most complex soil chemistry of the' site contaminants. In soils, 

arsenic can exist in a variety of forms and two valence states, +3 and +5, with markedly 

different chemistries. Many arsenic compounds are easily to moderately soluble in water, 

while others are largely insoluble. Soluble forms may be mobilized into groundwater, but 

sorption can restrict migration. Interconversions between insoluble and soluble forms can 

occur and microorganisms can convert insoluble or adsorbed arsenicals to soluble organic 

derivatives. In most soils, especially those with high clay content, arsenic is usually well­

retained and leaching is not extensive. Arsenic chemistry in the aquatic environment is 

even more complex, exhibiting stability in four valence states. Arsenic is extremely 

mobile in natural waters and can cycle between the water column, sediments and biota. 

Soils and sediments seem to be·the primary, but not an ultimate environmental sink for 

arsenic. 

The other metals of concern are difficult to assess. Copper, manganese, antimony and 

mercury tend either to occur in low concentrations relative to the metals discussed above, 

or have poorly understood soil chemistry in this type of environment. Additional analyses 
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of contaminant migration in surface and groundwater will be conducted in the Non­

populated Areas RIIFS. 

Most of the concern regarding contaminant migration in solution in the Populated Areas 

is related to the leachability of area soils. Several soil samples were subjected to leach 

tests for disposal considerations. These same results can provide some insight to metals 

migration potential in Populated Areas soils. Table 4.14 shows sumIl18.IY results for soils 

for the USEPA Extraction Procedure Toxicity (EPTox) test. 

Table 4.14 

EPTOX NW.YTICAL RESUlTS fUR THE 23 SOIL CORES JAKEl fR(JIlCEU.OGG. 
Sl£lTERVlUE. PllEHURST. WARIJIID. All) PAGE 

Ketal Concentration (,gIL) 

~le As Sa Cd Cr Pb Hg Se Ag 

1 fiD 340 15 NO 119 NO NO NO 
2 NO 276 4 NO 250 NO NO NO 
3 RIl 232 27 NO 4D40 ND RIl RIl 
4- NO 505 303 NO 414D ·NO NO lID 
5 lID 472 230 ND 4660 NO ND NO 
6 NO 322 81 lID 3200 NO ND NO 
7 lID 511 75 NO 1620 tID lID NO 
8 lID 414 19 NO 566 NO lID NO 
9 ND 190 192 NO 4040 tID NO ND 

10 lID 670 163 NO 4600 tID NO NO 
11 NO 416 28 NO 457 NO NO NO 
12 NO 626 6 NO 244 ND ND NO 
13 NO 1310 152 NO 4280 NO NO NO 
14 NO 962 34 lID 313 NO lID ltD 
15 NO 473 158 NO 3690 ItO fIJ ND 
16 NO 856 25 NO 161 NO NO ND 
17 ltD 865 12 lID 3830 lID lID lID 
18 lID 759 138 fIJ 8560 lID fIJ HD 
19 NO 484 125 flO 3820 flO flO tID 
20 110 915 31 ND 156 NO NO lID 
21 NO 213 12 fIJ 82 NO NO NO 
22 NO 579 85 ND 5720 NO tiD ND 
23 NO 160 234 NO 49800 tID fIJ NO 

tiD • Concentration below the instru!lent detection limit. 
> 

EPTox Critical levels (pg/l) 

As. Cr. Pb. Ag 5000 
Sa 100000 
Cd. Se 1000 
fig 200 . 
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The sample set shown in Table 4.14 was selected to ensure that EPTox results would 

represent a conservatively high estimate of any' hazardous characteristic of the residential 

soil. (See Appendix B). The top 6-inches of 23 of 40 soil cores collected during the 1987 

soil core sampling program were used for this analysis. The cores selected were those 

reporting the highest total lead (Pb) levels (based on portable X-ray fluorescence 

analyses) from Kellogg, Smelterville, Pinehurst, Wardner, and Page. Eight cores were 

selected from Kellogg, six from Smelterville, and three from each of the other three 

communities. 

The arithmetic mean EPTox Pb value for the 23 samples was 4,600 Ilg/L in the extracted 

leachate. Three of 20 samples exceeded the 5,000 J.Lg/L standard for lead, The 

concentrations for these samples were 8,560, 5,720, 49,800 J.Lg/L (Table 4.14). All other 

metal analytes (arsenic, .barium, cadmium, chromium, mercury, and selenium) 

concentrations were also below the EPTox critical levels, with many reporting below 

instrument detection limits. Further information on soil core analytical results are 

reported in Appendix B. 

These data indicate that migration of contaminants in solution from soil is not likely a 

major problem for residential soils in the Populated Areas either in-situ or as a 

consideration in disposal requirements. However, recent analyses regarding the 

possibility of upward flow of metals from shallow groundwater table fluctuations indicate 

that significant amounts of lead may be mobilized at isolated locations in the Populated 

Areas. Locations at greatest risk are those where high water tables coexist with severe 

contamination at depth. Some of these areas might be subject to recontamination of 

clean soils through solution migration of contaminants from below (CH2M HILL, 1990t). 

4.3.4 Summary of Water Migration Routes 

Several investigations are underway to assess the significance of contaminant migration by 

water pathways on the site. Most efforts are focused in the Non-populated Areas RI. 
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Those efforts of significance to the Populated Areas can be considered in three 

categories. Those are potable water source~ mass movement in storm and runoff events, 

and leaching of contaminants from residential soils. 

Health officials are aware of no public water supplies exceeding Maximum Contaminant 

Levels (MCL) in the area. However, most potential sources in the area exceed MCL's 

and virtually all potable water is imported from outside the site boundaries. Future 

population growth and demands within the site and remedial needs may require the 

development of additional potable water sources. 

Water erosion of hillsides near the smelter complex is a potential concern. Mass loading 

rates are high fr~m these steep barren locations. Both sheet and riU erosion are 

significant, with several1arge gullies developing in the same general area. Sediment 

loading and metals contents are high throughout the site, averaging 5,000 p.glgm lead on 

the hillsides, 5,800 p.glgm lead in the commercial areas north of Smelterville, and 

13,500 p.glgm lead in the Smelterville Flats. 

These gullies and drainages exit to the SFCDR through the Populated Areas. 

Smelterville is especially prone to flooding during peak rainfall and snowmelt events. 

Significant sediment loads have entered Smelterville through floods twice in the last ten 

years. Erosion control efforts will be necessary to minimize exposure to contaminated 

soJids and to prevent recontamination of remediated sites. 

Contaminant migration in solution does not seem to be a widespread problem with 

regard to residential area soils. EPTox tests show dissolved metals levels far below 

standards for all metals excepting lead. Some samples show EPTox concentrations 

exceeding the 5,000 p.gIL standard, but it is doubtful that composited soils would yield 

results approaching this level. Lead is, likely, largely immobilized in this environment. 

However!> zinc, cadmium and arsenic migration could be a significant concern in the Non­

populated Areas. 
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4.4 Solids Movement Pathways 

4.4.1 RI Efforts 

In addition to contaminant transport on site due to air and water pathways, migration 

can also occur as a result of mechanical movement of solids. Translocation of solids by 

mechanical means is an important migration mechanism on this site. Mineral industry 

activities routinely transport large amounts of product, wastes and by-product materials 

through and within the site boundaries. Massive removal, relocation and stabilization 

efforts are anticipated for solids stored within the smelter complex. Those activities are 

being addressed as part of the Non-populated Areas 1<1 and are considered in this 

document only to the extent of potential impacts in the Populated Areas. 

Mechanical transport of materials into, and within, the Populated Areas has been 

addressed in three portions of the RIlFS efforts. Samples from particular fugitive dust 

sources (i.e., parking lots), roadsides, and railroad right-of-ways demonstrate high metals 

levels indicative of ore spillage and tracking, as well as these areas' potential as 

continuing contaminant migration sources. Solids contaminant levels for these areas were 

presented in Section 2.2. 

Solids movements in the soil column, (i.e., translocation of contaminants vertically in the 

soils) is being investigated as part of the Feasibility Study effort. Also being addressed in 

feasibility efforts are Institutional Controls (rules and regulations, landuse restrictions, 

etc.) that might be used to regulate, among other concerns, solids movement activities 

within the site. These controls are being evaluated both as a tool to limit human 

exposure and contaminant migration and preserve the integrity of applied remedies 

through ensured maintenance and oversight. 
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4.42 Mechanical Transport of SoUds Into and Within the Populated Areas 

Ex:amples of mechanical movement of wastes on site include: 

• Spillage of minerals processing materials in transit along roads and right­
of-ways; 

• Tracking of these materials out of the industrial areas onto streets and 
into the community; . 

• The use of mine and smelter wastes for fill, cover., or construction 
amendments in the community 

• The movement and placement of contaminated soils during routine 
construction and excavation activities; and 

• The tracking of contaminated soils into homes and buildings by human 
activities and pets. 

These types of activities certainly contnbute to the ubiquitous nature of surface soil and 

dust contamination in the Populated Areas nearest the smelter and ~e/mill complex. 

Conversely, the high contamination levels observed on roadsides, right-of-ways and most 

surface soils throughout the area serve as a continuing source of material for solids 

migration. Table 4.15 summarizes the solids materials that could be potentially 

translocated by vehicular, human, or pet activities throughout the site. 

Several·concerns evolve from these potential migration processes. Many of the materials 

exlnbit extreme concentrations, as evidenced in the fugitive dust source inventories 

presented in Table 2.12. Lead Concentrations ranged to 20-40% in parking lots at the 

complex with more than 30% of the sample passing 200 mesh sieve. These soils could 

easily be picked up on vehicles in wet weather and tracked into adjacent commercial and 

residential areas. The high levels of contamination along roadsides in these areas, 

249 p,g/gm to 60,100 /Lg/gm Pb,.3 /Lg/gm to 487 p,g/gm Cd, and 19 p,g/gm to 810/Lg/gm 

As, anecdotally support that this process is ongoing. 
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Once tracked into residential and commercial areas, these materials are available to be 

carried into yards and homes through air and water transport, or as solids adhered to 

shoes, objects, and pets. In the residential environment these contaminants are then 

available for human contact and intake. 

The use of mineral industry by-products; or the excavation, exposure, and redistnbution 

of contaminated soils and tailings through routine construction, underground utility, or 

site development work has additional concerns. Not only are these potential sources of 

human contact and further migration, but such activities could easily damage remedial 

techniques being employed in the area. Many homes and public access areas have been 

remediated through removals and establishment of clean soil and sod barriers. 

ConstructiQn activities exposing sub-surface contaminants or employing mineral industry 

by-products in placement actions could endanger the effectiveness of the remedies. 

Table 4.15 
POTEITIAI... SOlID-MTRIX MASS "IGRATIDI ACTIVITIES. 

Type of Soul"Ce 
Activity Material 

Spillage in Ores. Wastes, 
Transit Industrial By-

Products 

Tracking of Transit Spills. 
Spillage Parking Lots. 

Storage Areas. 
Flood Depositsl 
Sediments 

Use of Mineral Mine Waste Rock. 
Industry By- Tailings Sand. 
Products Slag 

Construction Contaminated 
Activities Soils, Tailings 

Tracking by Contaminated 
Human and Pet Soils, Tailings 

, Activities 

SOURCES. COItCEJCTRATIOIIS. UFACTS 

Concentrations 
Observed (pg/gm) 

10000-500000 Pb. Zn 
5000-50000 Cd, As, Sb. eu 
100-5000 Hg 

10000-300000 Pb. Zn 
5000-50000 Cd. As, Sb. Cu 
100-5000 Mg 

500-40000 Pb. Zn 
100-10000 Cd. As, Sb, Cu 
100-10000' Hg 

100-40000 Ph. Zn 
100-10000 Cd, As. Sb. Cu 

100-40000 Pb. In 
100-10000 Cd, As. Sb. Cu 
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Potential 
Concerns 

Contamination of Roadsides, 
Right-of-ways, adjacent 
properties, surface water; 
htmlln contact: recontami­
nation of remedies. 

Contamination of Roadsides. 
Right-of-ways. adjacent 
properties, htmlln contact; 
surface water: recontami­
nation of remedies. 

Source of recontamination, 
and human contact. poten­
tial groundwater, and sur­
face water contamination 

Source of recontamination 
and htmlln contact. poten­
tial groundwater. and sur­
face water contamination: 
recontamination of remedies 

Source of recontamination, 
and human contact: poten­
tial groundwater. and sur­
face water contamination: 
recontamination of remedies 



Once these contaminants are exposed in the residential environment they are available to 

the human population and to additional migration mechanisms that can move the 

material into homes and yards. 
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5.0 EXPOSURE ASSESSMENT 

An exposure assessment for the residential population evaluates potentially critical 

exposures to site chemicals of concern. This is achieved by: 

• Identification of environmental media that are or may be contaminated by 
chemicals of concern. 

• Identification of populations that may come in contact with these media. 

• Identification of specific locations (exposure points) and pathways where 
contact is likely or plausible. 

• Determination of representative and extreme concentrations of 
- contaminants at these exposure points . 

• Characterization of the routes by which populations may be exposed, and 
estimation of potential exposure for each route. 

• Estimation of consequent contaminant intakes associated with each of the 
critical exposure pathways. 

An assessment of potential and real human exposures and consequent contaminant 

intakes by residents in the Populated Areas of the Bunker Hill site are presented here 

and in Sections 4 and 7 of the PD (JEG et al., 1989). 

Receptor populations at risk are identified as the current and past residents of the 

Populated Areas of the site. R~sidents of three local community groups will be evaluated 

for determ.inati~n of risk due to chronic exposures to carcinogens and noncarcinogens; 

these groups are:. 1) Smelterville; 2) KellogglWardner/Page; and 3) Pinehurst. Section 5 

of the PD identifies the populations and sensitive sub-populations at risk. Sensitive 

populations are at greatest risk due to either: 1) greater inherent susceptibility; or 2) 

exposure situations peculiar to that group. The PD identifies two critically sensitive sub­

populations with regards to lead exposure near the site which may also be applicable to 

'other site chemicals of concern. These are: 1) preschool-age children; and 2) pregnant 

5-1 



women due to the risk experienced by the conceptus. For the Populated Areas risk 

assessment, three basic groups will be evaluated in terms of contaminant exposures and 

consequent risks. These are: 

L A general population of residents that are assumed to live, since birth, under the 
conditions represented by the contamination levels found since 1983 (referred to 
as the current scenario); 

2. A general population of residents who were born in 1971 and were 2 years old 
during the period of maximum exposure on-site and who remain on-site for a 
70-year lifetime (referred to as the historical scenario); and 

3. A sensitive sub-population of children exposed to lead. 

Historical exposures, since 1971, are evaluated due"to documented high contaminant 

concentrations during 1973-1975 which affect average chronit; risk for a Jarge portion of 

the current residents. Airborne lead concentrations were approximately 100 times 

greater during this period than current levels. Consideration of these exposures is 

especially critical for evaluating the potential chronic risks of metal contaminants on 

sensitive subpopulations. Residual and latent effects of past metal exposures result in 

body burden accumulation, chronic disease and/or carcinogenesis. Approximately 95% of 

the total body burden of lead is found in bone and serves as a significant reservoir that is 

released especially during pregnancy, lactation, osteoporosis, and various disease states in 

adults, resulting in maintenance of blood and soft tissue lead levels long after periods of 

exposure have ended (lead half-life in bone is typically 10-27 years). Extreme historical 

exposures and consequent accumulations of lead are considered in the evaluations of 

chronic (lifetime) exposures. Historical exposures to contaminants other than lead are 

evaluated in terms of potential chronic health risks. 

The current baseline (assuming no-action as a remedial alternative) assessment is 
represented by 1983, 1986, 1988, and 1989 conditions and environmental media 

concentrations. This period follows closure of the 'smelter (in 1981) and is reflected in a. 

significant reduction in population exposures, especially via the air route. The year 1983 
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is selected to represent the beginning of the current scenario for baseline exposures due 

to the availability of environmental media and blood lead data for this site, only one year 

prior to the implementation of a comprehensive Community Health Intervention 

Program and the beginning of Superfund activities. This represents a time following 

smelter closure when the site and its attendant population are expected to be least 

affected by remedial intervention. Also, a 1983 Lead Health Study data base and results 

were significant factors in the site's ranking on the USEPA National Priorities List 

(NPL). The 1983 conditions are expected to be representative of an "unaffected" lead .. 

dose-response relationship experienced by the community during the 19805 environmental 

conditions . 

Exposure ~aluation and risk assessment are accomplished with seven site contaminants 

of concern. These contaminants are all metals that exhibit enrichments in soils and dusts 

relative to background levels, show decreasing concentrations as a function of distance 

from the site, and exhibit varying degrees and mechanisms of tOxicity with corresponding 

toxicolOgical profiles (see Section 3 of the PD). The chemicals of concern are antimony, 

arsenic, cadmium, copper, lead, mercury, and zinc. 

The principal exposure media and associated receptor pathways characterized for the 

evaluation of baseline human health risk for the typical resident in the Populated Areas 

of the Bunker Hill site are: 

• Ingestion of residential surficial yard soils, 

• Ingesti(;m of house dusts, 

• Inhalation of air particulate matter, and 

• Consumption of ' national market basket variety produce and water 
ingestion from public water supplies. 

National market basket variety produce and associated contaminant intakes represent 

exposures that all typical residential members of the site and off-site population 
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experience due to consumption of average national market basket variety produce. 

Contaminant content and associated metal intakes of market basket produce are 

provided by the U.s. Food and Drug Administration (US FDA) and summarized in 

Tables AS.l, AS2 and ASol of Appendix A. Significant reductions in national market 

basket food content over time are noted for arsenic, cadmium and lead. These 

reductions are attnouted to USFDA and other governmental efforts for lowering 

potentially toxic metal content in food introduced during food processing, handling and 

production. 

Figure 5.1 presents an abbreviated pathway model showing principal exposure routes and 

media for the typical child. This model is also appropriate for nonoccupational or adult 

residential !!XPosures. 

Additional exposures that could be experienced by members of the population who 

engage in potentially high risk activities are evaluated as incremental exposures. 

Incremental exposures are associated with: 

• Consumption of contaminated local groundwater, 

• Ingestion of other soil/dust at extreme residential soil and house dust 
concentrations (at the 95 percentile residential yard soil and house dust 
concentrations), 

• 

• 

• 

• 

Ingestion of extreme amounts of soil and dust during childhood, typical of 
upica-type" behavior (ingestion rate of 1 gmlday of soil/dust for ages 2 
through 6), 

Consumption of local fish from the Coeur d'Alene area, 

Consumption of local vegetable garden produce, and 

Inhalation of outdoor air particulate matter during episodic, high wind 
events. 
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Figure 5.1 

Abbreviated Pathways ModeJ Showing 
Primary Exposure Routes for Children 

LOCAL 
PRODUCE 

NON-FOOD 
INGESTION 

YARD OTHER 
SOil SOIUDUST 

FOOD 

DIETARY 

WATER 

INHALATION 

HOUSE AMBIENT 
DUST AIR 



Lifetime or chronic exposures are evaluated for the typical resident using average media 

concentrations. Chronic exposures at extreme levels'are not expected for the typical 

resident; exposures to environmental media at extreme concentrations may be significant 

for either short-term periods or for only a few members of the population. Arithmetic 

mean concentrations are typically used to represent environmental media concentrations 

for the evaluation of average or typical exposures and consequent contaminant intakes. 

Other statistically representative values may be employed for the evaluation of 

population exposures; these may include the use of medians, percentile distribution 

thresholds, geometric means, or extreme values. Any of these values may be used to 
evaluate specific activities or segments of receptor groups. For this evaluation, arithmetic 

mean concentrations for exposure media are used to represent average or typical long­

term expos~re levels. For residential soil and house dust exposures, geometric mean 

concentrations are calculated and used for evaluating typical long-term exposures for this 

population group. Geometric mean values for these media are expected to be more 

representative of average exposures due to the statistical distributions exhibited by soil 

and house dust metal concentrations. The metal concentrations distnbution proflles for 

these media are skewed at high concentrations due to. a small number of samples in the 

extreme concentrations range.' The central tendency, or average concentrations, for these 

'types of distributions are better estimated by geometric means rather than arithmetic 

means, which may result in high average estimates due to a few high concentration 

values. Arithmetic mean values are determined as: 
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and geometric means are determined as: 

n 

GMean = :';x lOX 2"'X n = e(l: (lnX;)/n) , 

where: XI = iOt value of data set 

n = total number of values 

For any given set, GMean :s: AMean. 

Chronic (long-tenD.) exposures to extreme concentrations of site contaminants are not . 
evaluated in the baseline chronic assessment. Extreme media concentrations represented 

as 95th percentile levels are evaluated as incremental and sub-chronic (short-term) 

exposures. Total intakes associated with various potentially high risk activities in an 

incremental analysis are determined by adding any combination of the incremental intake 

estimates for each scenario to the respective chronic (long-term) estimate, yielding a total 

combined intake. Table 5.1 presents a summary of contaminants of concern, exposure 

foutes and sources, and scenarios addressed in the exposure evaluation and risk 

assessment. 

5.1 Exposure Point Concentrations 

Representative concentrations for contaminants in environmental media and at 

population exposure points are derived from data and sources descnbed in Section 2 of 

this report and Section 4.3 of the PD. 

5.1.1 Soil Concentrations 

Contaminant levels in reside~tial surficial yard soils are ~vailable from the 1974, 1975 and 

1983 IDHW Health Surveys and the 1986/87 soils data base from the Bunker Hill 
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Table 5.1 
Contaminants Evaluated, Exposure Routes and Sources, 

and Exposure Scenarios Addressed in the 
Risk Assessment 

CONTAMINANTS EVALUATED 

Antimony 
Arsenic 
Cadmium 
Copper 
Lead 
Merc~ry 
Zinc 

EXPOSURE ROUTES AND SOURCES 

Chronic -
-Baseline: 

Inhalation - Air/particulates 
Ingestion - Soll 
Ingestion - House dust 
Ingestion - Other soils and dusts 
Ingestion - Drinking Water (Municipal Water System) 
Ingestion - Market basket produce 

Incremental: 

. Ingestion - Local fish (Lake Coeur d'Alene) 
Ingestion - Locally grown garden produce 
Ingestion - Drinking Water (on-site groundwater) 
Ingestion - Extreme soil/dust consumption rate, '-Pica Behavior" (as a child) 
Ingestion - Other solls and dusts (maximum estimated exposure) 

Subchronic -
Dose-Response Modeling for Lead 

EXPOSURE SCENARIOS 

Historical - Smelterville 
Current - Smelterville 
Historica1 - . Kellogg/Page/Wardner 
Current - Kellogg/Page/Wardner 
Historical - Pinehurst 
Current - Pinehurst 
Background 
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Populated Areas RIfFS (IDHW, 1974; IDHW, 1975; IDHW, 1983; CH2M HILL, 1990a). 

Concentrations for periods in which data are not available are estimated by utilizing the 

most recent monitoring results. The baseline exposure evaluati0I;l assumes that 

environmental media concentrations will remain constant from the most recent analyses. 

Geometric mean concentrations in surficial mineral soils for each of the Populated Areas 

(Smelterville, KellogglWardner/Page and Pinehurst) are used for evaluating chronic 

exposures for typical members of the population. Extreme concentrations represented in 

the upper 95th percentile level will be evaluated as incremental exposures to "other soils 

and dusts.1t Table 5.2 summarizes the mean and extreme metals concentrations for 

residential surficial yard soils, as well as the mean background soils concentrations for 

rural northern Idaho. Figures A3.1 through A3.3 and Table A3.1 in Appendix A present 

additional summary statistics and distributions for mineral soil and soil litter lead 

concentrations since 1983. In general, soil litter (representing a highly variable thickness 

upper organic layer up to approximately 6 inches thick) contaminant levels are generally 

greater than the underlying surficial mineral soil contaminant concentrations (see Section 

4.3.1 of the PO). Also, community mean soil contaminant levels generally decrease with 

increasing distance from the smelter facility. 

q 

5.1.2 House Dust Concentrations 

Contaminant levels in interior house dusts are available from the 1974, 1975, 1983 and 

1988 IDHW Health Surveys. Geometric mean concentrations for Smelterville, Kellogg! 

WardnerlPage and Pinehurst are used for evaluating chronic exposures for the typical 

population. Table 5.3 summarizes the means and extreme metals concentrations for 

house dusts in each of the communities. Figures A3.4 and A3.5 and Table A3.1 in 

Appendix A pres'ent additional summary statistics and distributions for house dusts since 

1983. In general, the geometric means for the community mean house dust contaminant 

levels decrease with increasing distance from the smelter facility, a similar trend as 

exhibited by soils . 
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TABLE 5.2 
GEOMETRIC MEAN AND EXTREME 

RESIDENTIAL SOIL METAL CONCENTRATIONS 
1974, 1975, 1983 AND 1986187 SURVEYS (pglgm) 

As Cd Cu Hg Ph Sb Zn 
---------------------------------------------------------------------------------------------------

1974 

Smeltel"Vi He Mean 7.9 55.0 14.4 6,141 111.0 1,920 
(95%11e) (275.0) (173.0) (68.3) (l3,553) (357.0) (8.109) 

Kellogg/wardner/Page Mean 35.0 19.3 4.1 2.514 32.1 1.228 
(95%11 e) (168.0) (53.9) (20.0) (12,797) (164.0) (6,409) 

Pinehurst Mean 24.8 9.8 1.0 765 20.5 754 
(95%ile) (143.0) (31.7) (4.0) (4.443) (I11.0) (3.075) 

1975 

Smeltel"Vi He Mean 37.4 3.991 
(95%i1e) (205.0) (25,565) 

Kellogg/Wardner/Page Mean 20.7 2.586 
(95%i1e) (79.4) (18,215) 

Pinehurst Mean 6.9 508 
(95%ile) (25.9) (2,455) 

1983 

Slneltel"Vn Ie Mean 40.6 3,04] 1,091 
(95%ile) (194.0) (29.912) (5,039) 

Kellogg/Wardner/Page Mean 28.1 2,584 999 
(95%11 e) (84.4) (14.257) (3,291) 

Pinehurst Mean 9.7 472 410 
(95%ile) (28.]) (l,]40) (1,161) 

1986/87 

SIne ltervi 11 e Mean 52.0 33.0 87.0 4.2 2.685 10.9 774 
(95%ile) (126.0) (Ull.O) (215.0) (lS.O) (10.432) (34.0) (2.185) 

Kellogg/Wardner/Page Mean 45.1 17.6 71.0 2.6 1.988 8.9 705 

Pinelwrst 
(95%i1e) .(103.0) . (48.0) (166.0) (9.0) (7.02l) (27.0) (1,838) 

ftean 
(95%11e) 

Mean Background 
Rural Northern 
Idaho (a) <10 0.8 28 0.1 43 1.1 95 

- Data not available. Exposure estimates Wi 11 employ concentration fl"OOl most recent meas~ements. 
Sources: !DHW. 1914, 1915, 1983; and CH2K Hltt. 1990a. 

Ca) &ott and Catbrall. 1980. 
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5.1.4 Ambient Air Concentrations 

Lead and total suspended particulate (TSP) monitoring has been conducted in the study 

area continuously since 1971 as part of the Idaho Air Quality Monitoring Network. 

Monitoring for airborne cadmium was conducted from 1973 through 1981. Quarterly 

mean air levels for lead and TSP for several air monitors located throughout the site are 

presented in Table 2.11. Concentrations for metals other than lead and cadmium are 

estimated using metal-to-Iead ratios from a range of data sources. In general, 

metal-ta-Iead ratios were developed and applied for smelter pre-closure years and 

separate ratios for post-closure years for each of the communities using data from 

various studies (Ragaini et at, 1977; Cooper et al., 1981; Air Sciences, Inc., 1989). 

Annual mean and 24-hour maximum air metal concentrations are estimated for 

Smelterville, Kellogg.IWardner/Page and Pinehurst and summarized in Tables A3.2 and 

A3.3 in Appendix A Annual mean air metal concentrations will be used to estimate 

chronic lifetime (baseline) exposures associated with inhalation in each of the residential 

communities. For those years in which pertinent data is lacking, most recent monitoring 

results and associated estimates were applied until new· data became available. Some 

area estimates for post-closure copper, antimony and zinc were based on metal-to-Iead 

ratios exhibited by surficial soils and soil litter. Greatest confidence in values presented 

in Tables A3.2 and A3.3 is associated with annual mean and 24-hour maximum 

concentrations for lead and cadmium as actual values. 

5.2. Estimation of Intakes 

USEP A guidance specifies that human population intake rate estimates be developed in 

order to quantify the potential health effects or risks associated with contaminant 

exposures. Estimated daily intakes for contaminants of concern are compared to 

published acceptable values. USEP A guidance suggests that in the absence of 

site-specific information standard assumptions regarding inhalation, ingestion, contact and 

absorption rates be applied to estimate human intakes. At the Bunker Hill site, previous 
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epidemiological investigations have been conducted to assess the potential for adverse 

health effects associated with exposures to chemicals of concern and to characterize 

dose-response relationships for le~d absorption in children. An assessment of existing 

information has been conducted to ~etermine how these data can be used to develop 

intake and dosage estimates for critical exposure routes at this site (JEG et a!., 1989). 

Section 7 of the PD develops and presents estimates for baseline and incremental intakes 

associated with chronic exposures to all contaminants of concern. An additional sub­

chronic exposure evaluation for lead was also undertaken employing dose-response 

modeling to estimate the effects on cluldhood blood lead concentrations. 

Estimation of human intakes for the contaminants of concern are a critical step in the 

determination of potential health effects of chemical exposures. The general equation 

used to estimate chemical chronic intakes by humans via a particular exposure route is: 

where: 

CD4 -
C -
HIP -
LT -

CDlr = CxHIF 

= 1: l{~ x HIFJLT) 

Route-specific Chronic Daily Intake, mg of chemical per kg body 
weight per day 
Mean concentration, mg of chemical per unit of medium 
Route and pathway specific Human Intake Factor (kg' body weight 
per dayr1 

Lifetime = 25,550 days (70 years); i = 1 to 25,550 days 

Mean concentrations, C, at this site are derived from site -monitoring data at each 

relevant exposure point and are found in the preceding section. Total chronic daily 
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TABLE 5.3 

GEOMETRIC MEAN AND EXTREME HOUSE DUST METAL CONCENTRATIONS 
1974, 1975, 1983 AND 1988 LEAD HEALTH SURVEY (p.gfgm) 

As Cd Cu Hg Pb Sb Zn 
---------------------------------------------------------------------------------------------------

1974 

Sme 1 tervt 11 e Mean 8.0 113.0 17.8 10.583 185.0 5.432 
(95%11 e) (28.5) (503.0) (l09.0) (30.394) (409.0) (17.154) 

Kellogg/Wardner/Page Mean 5.7 65.5 7.3 6.581 174.0 3.940 
(95%ile) (40.3) {227.0} (66.6) (23.017) (844.0) (9,575) 

Pinehurst Mean' 3.3 29.5 3.5 2.006 120.0 2.695 
(95%i1e) (15.9) (73.5) (11.9) (5,453) (312.0) (6.515) 

1975 

Smelterville Mean 42.0 3.533 
(95%11 e) (159.0) (21,807) 

Kellogg/wardner/Page Mean 44.7 4.573 

Pinehursf 
(95%ile) (122.0) (13.521) 

Mean 25.0 1.749 
(95%ile) (81.5) (6.694) 

1983 

Smelterville Mean 63.3 3.715 2.695 

Kellogg/Wardner/Page 
(95%11 e) (123.5) (7.754) (5.070) 

Mean 37.6 2.366 2.443 

Pinehurst 
(95%ile) (93.0) (7.840) (10,373) 

Hean 24.6 1,155 1,578 
(95%i1e) {68.3} (3,255) (3,301) 

1988 

Sme 1 tervi 11 e Mean 25.7 15.4 177.0 1.3 1.203 18.9 1,394 

Kel1ogg/War.dner/Page 
(95%ile) (BO.O) (52.0) (1,073.0) (1.8) (4.615) (64.0) (4,309) 

Mean 26.3 15.6 167.0 1.3 1,450 27.9 1.401 

Pinehurst 
(95%ile) (115.0) (47.0) (963.0) (4.6) (8. 643} (1~7.0) (5,143) 

Mean 
(95%ile) 

Anaconda Smelter 
Site, Hill Creek. 
HI (a) 104-386 7~27 133~470 

Rural U.S. (b) 50~500 

- Data not available. Exposure estimates will employ concentration from most recent measurements. 

Sources: IDHW 1974, 1975, 1983; and PHD, 1988. 
(aJ Clement Assoc •• 1987. 
(b USEPA. 1989a. 
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House dust contamination can be a result of the accumulation of windblown dusts from 

ore milling and smelting activities and from the redistribution or translocation of 

contaminated residential soils (see Section 4.3.2 of the PD). Comparison of the Bunker 

Hill mean soil and house dust lead concentrations for 1974 through 1983 indicates that 

mean house dust lead concentrations were approximately 1.4 times greater than mean 

residential yard soil lead concentrations. More recently, the ratio between mean house 

dust and soil lead concentrations at the site is observed to be approximately 1 (one) or 

less. This observation of house dust dependency on residential yard soil lead levels is 

consistent with results of other studies in industrial and urban areas (see Section 4.3.2 of 

the PD; USEP A, 1989a and b; A TSDR, 1988). In general, house dust contaminant levels 

reflect the !evels observed in surficial yard soils. 

5.1.3 Dietary Metal Concentrations 

National market basket food concentration and intake data for the site contaminants of 

concern are developed from U.S. Food-and Drug Administration sources (see 

Section 4.3.3 of the PD). Tables AS.I, AS.2 and AS.3 in Appendix A present National 

market basket metal daily intakes derived by the USFDA Site tap water metal 

concentrations used to estimate daily intakes are from IDHW, Division of Health 

program files (see Section 4.3.3 of the PD). Concentrations of metals in local garden 

vegetables are available for cadmium, lead and zinc in carrots, beets and lettuce. Metals 

concentrations in local garden produce are used to evaluate exposures and consequent 

risk in an incremental analysis. Tables AS.4 and AS.S in Appendix A summarize tbe 

available data for metals concentrations in local garden vegetables. Site groundwater 

concentrations used in a separate incrementa] exposure analysis are summarized in Table 

AS.6 in Appendix A 
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intake, CDI, and total dosage, D, are determined as the sum of all route-specific intakes 

and dosages, respectively: 

where: 

CDI = L rCDIr 

D = L r (CDlr x ~) 

~ = route and media specific absorption/deposition rate; r = for all exposure 
routes. (Note that dosage is an absorbed . amount which is also referred to as 
uptake). 

Values for C may be developed in several ways. The USEPA (1988b and 1989g) 

recommends evaluating exposure based on both the best-estimates and the upper-bound 

estimates for environmental media concentrations. Only chronic exposures (versus sub­

chronic) are evaluated at this site utilizing current USEPA guidances. Therefore, best 

estimates (geometric and arithmetic means) of environmental media concentrations for 

contaminants of concern will be used to evaluate typical or average exposures. This 

determination is based on the assumption that an individual is not expected to be 

exposed to upper-bound concentration levels for his or her entire lifetime. Extreme or 

uppe~-bound concentrations are evaluated as incremental and sub-chronic exposures. 

The evaluation of exposures to soils and dusts at extreme concentrations of contaminants 

is similar to the analyses performed as a reasonable maximum exposure (RME) under 

recent USEP A guidance (USEP A, 1989j). For the baseline analyses conducted here 

(representing the no-action remedial alternative), it is assumed that the concentrations of 

site. contaminants are constant (do not degrade) and will not decrease with time from the 

most recent measurements. 

The procedure for sub-chronic exposure characterization of lead employs the 

methodology descnbed by the Environmental Criteria and Assessment Office (ECAO) of 

the USEP A, in the development of the Air Quality Criteria Document for lead (USEP A, 

1986a) and the subsequent review by the Office of Air Quality Planning and Standards 
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(OAQPS) (USEP A, 1986c, 1988d, 198ge). This same method has also been used by the 

USEPA Office of Drinking Water and the Office of Solid Waste and Emergency 

Response to evaluate and predict the' e~ects of lead in drinking water and contaminated 

sonS, respectively, on human populations. This methodology constitutes the basis and 

rationale for USEPA health policy and standards regarding lead in environmental media. 

The analyses and evaluations conducted here for sub-chronic exposure and risk 

characterization of lead to children (a sensitive population to the effects of lead) are 

consistent with the approach and methodologies employed by the USEPA 

Human Intake Factor (HIF) values are required for estimating intakes for each of the 

receptor populations and exposure pathways. Variations in exposure factors, age and 

body weights are taken into account in the development of HIFs for specific 

subpopu]ations. Procedures for estimating human intakes under the current (since 1983) 

and historical (since 1971) exposure scenarios are identical. However, different 

concentrations of contaminants in environmental media are applied for estimating 

chemicalmtakes. Pre-1983 contaminant concentrations are not used in the current 

exposure scenario. 

Human intake factors are derived from media mean intake rates and are age dependent. 

Intake rates are found in USEPA guidance documents and are presented and discussed 

in Section 7.1 of the PD. The following human intake parameters are used in the 

development of chronic HIFs: 

Summary or Age Dependent Human Intake Parameters 

Age (yr) 

0-1 
2-6 
7-12 
13-17 
18-70 

Inhalation Rate Total Soil/Dust 
Body Wt (kg) (nfJday) Ingestion (mg/day) 

10 
11 
35 
55 
70 
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5 
5 

10 
20 
20 

100 
100 
100 
100 
100 
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Determination of time correction and media partition factors for use in the derivation of 

HIFs for this site take into consideration site-specific data obtained during area health 

surveys. The primary media partition factor (MPF) required for this analysis 

incorporates time correction factors (TCFs) from daily indoor versus outdoor activity 

assessments. Three primary source categories represent exposures in the horne to. 

interior house dust, direct contact exposures to soil in residential yards, and exposures to 

other soils and fugitive dust in the neighborhood or community. Various analyses were 

conducted and discussed in Section 4 and 7 of the PD and are summarized as follows: 

Estimates of Indoor:Outdoor Exposure and Source Partition Ratios 
(for Preschool Children) 

Source of Estimate 

Exposure Factors Handbook 
(USEP A. ~989g) 

OAQPS Model Input 
(USEP A. 198ge) 

Activity Weighted TCFs 
(JEG et at. 1989) 

Parental Interviews, 
1983 Lead Health Survey 

Panition Analysis of 
Blood Lead Response. 1983 
(JEG et al •• 1989) 

Indoor:Outdoor 

78: 22 

75: 25 

77:23 
53: 47 

60:40 

40:60 

gxposure Period 

Annual Average 

Annual Average 

Annual Average 
Summer Months 

Summer Months 

Summer Months 

General equations for determination of route-specific HIFs used in the chronic exposure 

evaluation are presented in Table 5.4. HIF values developed using the above intake 

parameters and MPFs are summarized in Tables 5.5 and 5.6. 
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where: 

Table 5.4 
Equations for Calculating HIF Values 

for Specific Pathways 

Medium 

Oral Water 

Food 

Soil 

Dust 

Inhalation Airborne Particulates 

HIP ::: Human intake factor, units vary by exposure route 

Human Intake Factor 

HIP = WI x (TCF /MPA 
BW 

HIP = FI x (TCF IMPF) 
BW 

HIP = SI x (TCF IMPEl 
BW 

HIP ;: DI x (TCF IMPF) 
BW 

HIF ::; SP x VR x (TCF IMPF) 
BW 

BW == Body weight. kg 
TCF/MPF ::: Tune correction factor or media partition factor (nnidess) 
WI == Water intake, L/day 
FI = Food intake, kg/day 
SI = SoiLintake, kg/day 
DI :: Dust intake, kgjda! 
VR ::; Ventilation rate, m /day 
SP = Suspended particulate concentration in air, kg/m3 
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Table 5.5 
Summary of Baseliue Human Intake Factors 

Medium 

,Residential Soil (kg/kglday) 

House Dust (kg/kg/day) 

Other Soil/Dust (kg/kglday) 

Drinking Water (Ukglday) 

Market Basket 

(a) This is a time-weighted HIP. 

Age --, 
()"1 
2-6 
7-12 
13-17 
18-70 

()..1 
2-6 
7-12 
13-17 
18-70 

()..l 

2-6 
7-12 
13~17 

18-70 

()..1 
2-6 
7-12 
13-17 
18-70 

AU(a) 

.(b) 

Value 

0.5 
0.29 
0.29 
0.57 
0.29 

1.0 x 10-6 
1.0 x 10-6 
7.1 x 10.7 

6.0 x 10.7 

2.0 x 10.7 

8.7 x 10-6 
4.4 x 10-6 
1.6 x 10-6 
1.7 x 10-6 
1.2 x 10-6 

3.0 x 10-' 
4.1 x 10-' 
5.4 x 10"' 
6.0 x 10"' 
2.9 x 10-8 

3.6 x 10-2 

(b) HIFs are not applicable to ingestion of market basket foods. Direct market basket foods 
intakes are derived. 



Increment 

Extreme Ingestion: 
Residential Soil(a) 
House Dust(a) 

. Other Soi1!Dust(a) 

Other SoilJDust{b) 

Water{b) 

Fish Ingestion(C) 

Table 5.6 
Summary of Human Intake, Factors for 

Calculation of Incremental Intakes 

Age 

2-6 
2-6 
2-6 

Local Vegetable Ingestion(d) 

HIF (kglkg/day) 

9.1 X 10-6 
4.0 x 10-5 
3.9 X 10-6 

(a) Extreme soil/dust ingestion HIFs are for the ages 2-6 only. This behavior 
descnbes what is typically known as "pica" behavior. The HIF values represent 
the incremental increase in ingestion (+ 900 mg) over baseline ingestion rates. 
This HIF was used in the calculation of TWA lifetime intake over 70 years. 

(b) HIFs for Other Soil/Dust and Drinking Water increments are the same as those 
used for the baseline (Table 5.5). 

(c) HIFs not applicable to fish ingestion increment. Incremental intakes of 
chemicals calculated directly from available data (see Table 5.9). 

(d) HIFs not applicable to local·vegetable (garden) produce increment. 
Incremental intakes of chemicals calculated from available data (see Table 5.8). 
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5.2.1 Inhaled Air 

Histoncal and current human intakes associated with inhaled air are determined using air 

data presented in Table A3.2 of Appendix A and the age-specific HIFs in Table 5.5. For 

example, for a 2-year-old in Kellogg in 1973 the specific intake for lead is estimated to 

be: 

Inblke(alr) - Concentration(alr) x HIF(inhalatioo) - 1.5 x 10.2 mglm3 x 0.29 m3/kglday 

= 4.35 x 10.3 mglkglday for lead 

Annual mean intakes are calculated and presented in intake tables found in 

Attachme~t 1 of Appendix A7 of the PD. Annual intakes are averaged over a 70-year 

lifetime in order to determine chronic daily lifetime mean intake, which is estimated to 

be 4.28 x 104 mglkglday in the case of lead via inhalation for the historical scenario in 

Kellogg. 

5.2.2 Food and Beverage 

5.2.2.1 Drinking Water 

None of the public water supplies in the RIfFS area, sampled November 1976 through 

June 1985, have been reported to exceed the National Drinking Water-Standards for As, 

Cd, Pb or Hg (IDHW, 1976-1985). Actual concentrations in public water supplies in the 

study area have generally shown levels less than analytical quantitation limits. -For the 

baseline exposure assessment, intake estimates from local drinking water sources will be 

at concentrations representing arithmetic means of IDHW monitoring results, generally 

at method quantitation limits. These intake estimates are expected to represent upper 

limits for contaminant intakes associated with the consumption of public drinking water. 

An estimation of metal intakes associated with potential groundwater consumption is 

accomplished in order to evaluate incremental intakes and consequent risk. Metal 
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concentrations for rural northern Idaho background are also substituted for comparison 

to site intakes. Estimates of metal intake from water consumption are presented in 

Table 5.7. 

5.2.2.2 Nationa] Market Basket Foods 

The contnoution of the average diet to contaminan~ intakes in the exposure assessment is 
i 

evaluated by incorporating national market basket survey results from the U.S. Food and 

Drug Administration. Detailed presentation and discussion is provided in Section 7.1.4.2 

of the PD. Age-specific metal intake rates summarized in Tables AS.I, AS.2 and AS.3 of 

Appendix A are for food and beverages only and do not include water intakes. 

Recent information (USEP A, 1990b) indicates that dietary lead intakes have continued to. 

decrease relative to the levels presented in the PD due to further reductions in dietary 

lead conte~t. Lead levels in food have been declining due to decreased emissions from 

automobile and point sources, lower lead levels in water, and less use of lead soldered 

food containers. National average daily dietary lead intake from FDA total diet studies 

for 1980 through 1989 are as follows: 

National Average Daily Dietar,y Lead Intake (p.g/day) 
(from USEPA, 1990b) 

Age 1980 81/82 82/84 84/86 86/88 88/89 

6-Dmtb-old 
2-year-old 

34 
43 

20 
30 

17 
23 

10.1 
13.3 

5.2.2.3 Locally Grown/Acquired Produce , 

4.1 
5.3 

4.8 
5.0 

Locally grown garden produce could have significant impact on metal intakes. A number 

of local gardens were sampled during the 1983 Lead Health SUIVey~ and sUIVey 

participants were questioned as to their use of local produce. A summary of the results 
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"able S.7 
&tlmates of Methllntake from Water Consumptlon(llI) 

Current Drinking 
Water, Background 

Cone. CllI 
Metal ~ mglkg/dal 

Sb (b) 

As 0.0015 5.4 x 10,5 

Cd 0.006 2.2 x 104 

0:002* 7.2 x 10,5 

CD 

Pb 0.0085 3.1 x 104 

Hg 0.0002 7.2 x 10-6 

Zn 0.81 2.9 x 10-2 

2.24* 8.1 x 10-2 

(a) Concentration data from Table AS.6. 
COl == Concentration (mgIL) x 3.6 x 10'2 (L/kg/day). 
HIF from Table 5.5. 

(b) No data available. 
* Tap water concentration from IDHWt 1976~1985. 

Cone. 

.E!8L!!. 
0.05 

0.005 

0.038 

0.081 

0.0002 

8.38 

All other background concentrations from Parliman et aI., 1980. 

Kellogg 
Groundwater 

CllI 
m;(kg/dal 

1.8 x 10.3 

1.8 x 104 

1.4 x to-3 

2.9 X 10,3 

7.2 X 10-6 

0.30 

Chronic Daily Incremental Intake = CDI (Groundwater) • COl (Background). 

8011'1931OO5.51/llIn 

- - - ~-

Cone. 
mglL 

0.05 

0.014 

0.247 

0.175 

0.0002 

11.9 

Smelterville 
Groundwater 

CllI 
mg/kg/da~ 

1.8 x 10,3 

5.0 x 10-4 

8.9 x 10-3 

6.3 X 10-3 

7.2 x 10-6 

0.43 

-



of that survey are found in other site documents (PHD et at, 1986; JEG et aI., 1989). 

Vegetable metal concentrations, consumption rates, and consequent metal intakes are 

developed in Section 7 of the PD and summarized in Table 5.8. Intake estimates for site 

produce are assumed to occur for a period of 90 days when garden produce is available. 

Both total and incremental annu~ intakes in Table 5.8 represent 90 days of local 

produce consumption plus the remainder of the year utilizing national market basket 

produce. Sub-chronic intakes of lead, for example, due to a full diet of local vegetable 

consumption could account for greater than 200 times as much metal as that resulting 

from market basket vegetable consumption. 

Sub-chronic metal intakes associated with consumption of local garden vegetables are 

significant. Mean metal intakes resulting from consumption of locally grown vegetables' 
l 

are calculated and are considered as additional intakes in an incremental exposure 

analysis. Routine consumption of locally grown produce could result in an additional 

sub-chronic intake of up to 480 l1g!day of dietary lead for adults and pregnant women 

during three months of the year. 

An evaluation of potential metal intakes associated with local fish (from the area around 

Lake Coeur d~Alene) consumption is 9iscussed in Section 7.1.4.3 of the PD. A summary 

. of metal intakes associated with fish consumption is found in Table 5.9. Local area fish 

consumption will be evaluated as an incremental intake. 

5.2.3 Soils and Dusts 

Metal in dust and soil results from a complex mixture of naturally occurring fine soil 

particles, smelting and/or mining wastes, flaked paints, and deposited airborne particles 

from industrial and/or automotive oriSin. C1nldren are exposed to soils and surface dust 

fu their homes and yards, in neighborhood locations where they play, at child care 

facilities, at designated playgrounds, schools and parks, as they wa1k to activity centers or 

visit neighbors. Sources that have previously been identified in this area are house dusts, 
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Table 5.8 
I!:.tlnullell 0' Metal Intake from Vegelable ConsumpUon 

Vegetable WetWeipt 
Consumption . Melal Mean Intake 
Rale, !mldal Cooc., "Wlm .. "wday 

Annual Average Annual Average 
Tota'inlab, Incremental Total 

Leafy Root ~ Root Leafy Rool "r/day Intake. "r/day Intake, "gJday 

SMELTERVILLE/KELLOGO 

Pb Child (2-6 yr.) 2S 15 6.1 4.5 153 68 220 55 56 
Adult 5S 33 336 149 484 120 123 

Cd Child (2-6 yr.) 25 15 1.8 1.5 4S 23 68 11 18 
Adult 5S 33 99 50 149 37 39 

Zn Child (2-6 yr.) 25 15 27.S 29.2 68S 438 1126 259 347 
Adult 5S 33 1513 964 2476 561 764 

PINEHURST 

Pb Child (2-6 yr.) 2S 15 3.5 2.2 88 33 121 30 31 
Adult SS 33 193 73 265 66 68 

Cd Child (2-6 yr.) 2.'1 15 0.45 1.2 11 18 29 7 8 
Adult SS 33 2S 40 64 16 18 

Zn Child (2-6 yr.) 25 15 27.7 14.7 693 221 913 206 294 
Adult 55 33 1524 485 2009 454 647 

NATIONAL MARKET BASKET 

Pb Child (2-6 yr.) 2S 15 ·0.017 0.041 0.43 0.62 1.0 1.0 
Adult 5S 33 0.94 1.35 2.3 2.3 

Cd Child (2-6 yr.) 25 15 0.033 0.016 0.83 0.24 1.1 1.1 
Adult 5S 33 1.82 0.53 2.3 2.3 

Zn Child (2-6 yr.) 25 15 2.26 2.10 56.5 31.5 88 88 
Adult 55 33 124 69.3 194 194 

DI for Child (mglkglday) :::; Intake (j.I.g/day) x (5.9 x 10"2 
DJ for Adult (mg/kglday) = fmake (j.I.g/day) II (1.4 " 10" ) 

Time.Weighted Averaged Intake (COl) .. (Child Of x 5/69) + (Adull l)f x 64/69) 



Table 5.9 
Incremental Daily Intakes for Consumption 

of Local Fish(ll) 

HIF, Fish Tissue Intake, Incremental Intake, 
Metal Individual kg/kg/day Conc •• mglkg(b) mg/kg/day mglkg/davtl) 

Site Population 

Cd Child (2-6 yr.) 1.2 x 10·3{c:} 0.094 1.1 x 104 9.1 x 10-s 

Adult 6.9 x 104{d) 0.094 65 x 10.5 5.4 x 10-5 

Pb Child (2-6 yr.) 1.2 x 10-3 0.45 5.4 x 104 4.7 X 104 

Adult 6.9 x 104 0.45 3.1 x 104 2.7 x 104 

Market Basket (moderate consumption rate)(e) 

Cd Child (2-6 yr.) 1.2 x 10.3 0.016 1.9 x 10's 

Adult 6.9 x 104 0.016 1.1 x 10's 

Pb Child (2-6 yr.) 1.2 x 10.3 0.055 6.6 x 10's 

Adult 6.9 x 10-4 0.055 3.8 x 10.5 

- (a} Source: ATSDR,1986. 

(b) Geometric mean concentrations. 

(e) 2 fish meals/wk. (moderate consumption) x 70 gm/meal x 1 wk/7 days x 1/17 kg x kg/lOOO gm 
= 1.2 X 10.3 kg/kg/ day_ 

(d) 2 fish meals/wk. (moderate consumption) x 170 gm/meal x 1 wk/7 days x 1/70 kg x kg/lOOO gm 
= 6_9 x 10-4 kg/kg/day. 

(e) Market Basket fish concentration data from: USFDA. 1988. 

(f) Incremental Intake = Intake (Site Population) - Intake (Market Basket). 
Tune-Weighted Average Intake (CDI) = (Child Intake x 5/69) + (Adult Intake x 64/69). 
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residential surficial yard soils, road dusts, playground soils, windblown dusts? and dusts of 

industrial or occupational origin. 

Estimation of metal intake rates from incidental ingestion of soil and dust requires: 

• Deteqnination of an overall ingestion rate for soils and dusts, 

• Partitioning the total ingestion rate by the source categories using the 
pertinent MPFs (in tenns of the indoor:outdoor partition ratios for dusts 
and soils, respectively, presented above), and 

• Multiplying each of the partitioned ingestion rates by the metal-media 
concentration representative of that category. 

Representative concentrations for metals in each of the communities for the site are 

found in Table 5.2 for residential soils and Table 5.3 for house dusts. 

Estimates for overall soil/dust ingestion rates are available from both the literature and 

current guidance, and can be derived from an analysis of site-specific data. The 

"Exposu,re Factors Handbook" (USEP A, 1989g) and the "OAQPS Review of NAAQS" 

(USEP A, 1989d and e) include comprehensive reviews of pertinent studies. Overall soil 

and dust ingestion rates range from 55 to approximately 600 mglday (Hawley, 1985; 

Kimbrough et aI., 1984; Binder et al., 1986; Clausing et al., 1987; and Sedman, 1989). 

Binder et at suggests a total ingestion ·rate of 180 mglday and is based on trace metal 

mass balances in toddler stool samples conducted near an active lead smelter in East 

Helena, Montana. The AQCD (USEP A, 1986a) uses a total soil and dust mean ingestion 

rate of 90 mglday as a consensus value in evaluating various sources of lead to young 

children. 

A detailed discussion regarding soil and dust ingestion rates is presented in Section 7.1.5 

of the PD. In summary, a typical childhood ingestion rate of soil and dust ranges from 

50 to 200 mglday. Site-specific analyses for the average child at Bunker Hill support the 
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lower end of this range. However, this result is dependent on assumptions regarding lead 

gastrointestinal absorption rates (JEG et aI., 1989; see Appendix C). Lifetime chronic 

exposures to soil/dust (combined) are evaluated here at 100 mg/day for the average 

population, and 1,000 mg/day for "pica-type" behavior during ages 2-6 years in an 

incremental analysis. 

Metal intakes from residential soil and house dust ingestion for children 2-6 years of age 

in Smelterville and KeUogglWardner/Page are estimated for 1983 and 1986-88 and 

presented in ':fable 5.10. Table 5.10 presents a range of intakes using two different 

partition ratios to show how intake estimates can vary for the two different media (house 

dusts versus soils). However, the total metal intake for soil/dust is minimally affected by 

differences in the partition ratio for soils and dusts. Because house dust metal levels are 

dependent on residential soils, the range of total metal intakes expressed in Table 5.10 

are ultimately based on residential yard soil metal concentrations. Estimation of annual 

and mean chronic intakes due to soil and dust exposures using age-specific MPFs are 

presented in Attachment 1 of Appendix A7 in the PD. 

5.24 Integration of Contaminant Intakes from Multiple Exposure Routes 

Each exposure route and its associated contaminant intake is summed to determine total 

intake for each of the contaminants of concern. The total integrated intakes for each 

contaminant are subsequently used in the risk evaluation for comparison to critical 

toxicity values, such as acceptable chronic daily intake values and cancer .potency factors. 

All of the route-specific baseline intakes presented above and in the PD are summarized 

in Table 5.11. Intake estimates for the historical and current scenarios are compared to 

background intakes in Table 5.12. The relative contrIbutions of each of the route-specific 

intakes to the total intake are presented as percent relative contnoutions in Table 5.13. 

A summary of the incremental chronic daily contaminant. intakes for five potentially high 

risk activities evaluated above is presented in Table 5.14. A comparison of each of the 
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I Table 5.10 (Page 1 of 2) 

t' 
Mean Daily Metal Intakes from Soil and Dust 

for Children 2-6 Years of Age(a) 

Residential Soil Total Intake from 
MeanConc. Intake House Dust Intake SoiJJDust 
(p.~gm) (p.~day) (p.~day) (p.~day) 

I Soil House Dust Typical Extreme Typical Extreme Typical Extreme --- ---
Sme)teniUe 

I Sb 1983 
1986/88 10.9 18.9 0.3-0.7 2.7-6.5 0.8-1.4 7.6-14.1 1.5-1.7 14-17 

As 1983 

I~ 
1986/88 52 25.7 1.3-3.1 13-31 1.0-1.9 10-19.2 3.2-4.1 32-41 

Cd 1983 46.6 63.3 1.2-2.8 12-28 2.5-4.7 25-47.5 5.3-5.9 53-60 
1986/88 33.0 15.4 0.8-2.0 8.3-20 0.6-1.2 6.2-11.6 2.0-2.6 20-26 

I~ en 1983 

j . 1986/88 87 177 2.2-5.2 22-52 7.1-13.3 71-133 12-16 123-155 

Pb 1983 3047 3715 76-183 '762-1830 149-280 1490-2790 332-356 3320-3550 

Ir 1986/88 2685 1203 67-161 671-1610 48-90 481-902 157-209 1570-2090 

H: 1983 .. 
1986188 4.2 1.3 0.1-0.3 1.1-2.5 0.05-0.1 0.5-1.0 0.2-0.4 2.1-3.0 

I~,' Zn 1983 1091 2695 27-65 273-655 108-202 1080-2020 173-229 1740-2290 
1986/88 774 1394 19-46 194-464 56-105 558-1050 102-124 1020-1240 

I'. KeDogWWardnerJPage 

Sb 1983 
1986/88 8.9 27.9 0.2-0.5 2.2-5.3 1.1-2.1 11-20.9 1.6-2.3 16-23 

I[ As 1983 
1986/88 45.1 26.3 1.1-2.7 11-27 1.1-2.0 11-19.7 3.1-3.8 31-38 

Cd 1983 28.1 37.6 0.7-1.7 7.0-16.9 1.5-2.8 15-~.2 3.2-3.5 32-35 

It:. 1986/88 17.6 15.6 0.4-1.1 4.4-10.6, 0.6-1.2 6.2-11.7 1.6-1.7 16-17 

en 1983 
1986/88 71 167 1.8-4.3 17.8-43 6.7-12.5 67-125 11-14.3 110-143 

It Ph 1983 2584 2366 65-155 646-1550 95-177 946-1770 242-250 2420-2500 
1986/88 1988 1450 50-119 497-1190 58-109 580-1090 159-177 1590-1770 

H: 1983 

IE 1986/88 2.6 1.3 0.07-0.2 0.7-1.6 0.05-0.1 0.5-1.0 0.17-0.25 1.7-2.1 

Zn 1983 999 2443 25-60 250-599 98-183 977-1830 158-208 1580-2080 
1986/88 705 1401 18-42 176-423 56-105 560-1050 98-123 980-1230 

I[ PinehUBt 

Sb 1983 

II 1989190 8 (8) 0.2-0.5 2.0-4.8 (0.3-0.6) (3.2-6.0) (0.8) (8.0) 

As 1983 
1989190 23 (23) 0.6-1.4 5.8-14 (0.9-1.7) (9.2-17) (2.3) (23) 

IE Cd 1983 9.7 24.6 0.2-0.6 2.4-5.8 1.0-1.8 9.8-19 3.0-6.0 16-21 
1989190 5 (5) 0.1-0.3 1.3-3.0 (0.2-0.4) (2.0-3.8) (0.5) (5.0) 

I~ 
If 



Table S.10 (Page 2 of 2) 
Mean Daily Metal lntakr:s from Soil and Dust 

for Children 2-6 Yeus of Age{a) 

ItesidenUal Soil Tola! Intake from 
MeanCnnc. Intah House Dust Intake SoitlDust 

Wgm) Wday) {pglday) (p.g/day) 

Soil House Dust Typkal Extreme --- Typical Extreme Typical Extreme 

Cu 1983 
1989190 39 (39) 1.0-23 9.8-23 (1.6-29) (16-29) (3.9) (39) 

Ph 1983 472 1155 12-28 U8-2S3 46-87 462-866 74-99 745-984 
1989190 463 (463) 12-28 115-278 (19-35) (185-341) (47) (463) 

HI 1983 
1989190 0.4 (0.4) 0.01..0..02 0.1-0.2 (0.02-0.03) (0.2'().3) (0.04) (0.4) 

Zn 1983 410 1578 10-25 103-246 63-118 631·1180 88-128 87H280 
1989190 3S9 (389) 9.7-23 97-233 (16-29) (156-292) (39) (389) 

Note: House dust rona:atrations and intakes in parentheses are estimates assuming house dust levels to be equivalent to resk!emial 
soils, since aclual data are eurrent!y not available. 

(a) Media concentrations from Section 2 and Protocol document Section 4.0. Typical ingestion rate for soiWust is 100 mglday and 
eareme rate is 2,000 mglday due to "pica-type" behavior; soit.dust partition (TeF) is presented as a range where (25-60):(15-40) 
represents the tUne-weightcd ratios presented in Section 5.2 for the OAQPS Model Input and the Blood Lead Response Partition 
Analysis. respc:ctiveIy. For example. tbe HIFs employed using the OAQPS Model Input parameteIS are; 

typical, soil - 1.4 x 10-0 ~ 
typical. house dust "'" 4.4 x 10=6 kg/kg/day 
ettreme. soil = 1.4 x 10-5 ~ 
c:::rtreme, house dust == 4.4 x 10.5 kglkglday 

Intake (pg/da.y) "'" media concentration (mgIkg) x HIF x body weight (kg) !It 10 p.g/mg. 
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Scenario 

Hislorical 

Currenl 

Location 

-~ 

SmeltelVille 

Kellogg! 
Wardner/Page 

Pinehurst 

SineltelVille 

Kellogg! 
Wardner/Page 

-~ 

Contaminant 

Arsenic 
Cadmium 
lead 
Zinc 
Antimonla) 
Mercu~ b) 
Coppe a) 

Arsenic 
Cadmium 
Lead 
Zinc 
Anlimony 
Mercury 
Copper 

Arsenic 
Cadmium 
lead 
Zinc 
Antimony 
Mercury 
Copper 

Arsenic 
Cadmiuin 
lead 
Zinc 
Anlimony 
Mercury 
Copper 

Arsenic 
Cadmium 
Lead 
Zinc 
Antimony 
Mercury 
Copper 

Table 5.11 (from Protocol document) (Page 1 of ~) 
Summary of Chronic Route-Specific Intakes (ml1/kWday) 

(All Villues are 10-6) 

Roule-Speclnc Intake 
I 

Other 
Vard SOU House Dust Soll/Dust 

Inhalation Ingesllon Ingestion Ingesllon 

9.S 22.4 30.1 10.4 
22.6 13.2 57.9 5.85 

441 1240 4770 S49 
352 440 3570 212 

10.2 21 109 12.1 
3.09 7.89 1.63 

36.1 29.7 284 12.6 

14.1 13.6 29.7 5.45 
18.7 6.72 42.4 3.06 

428 776 4330 349 
192 323 3050 151 

6.6 7.03 115 3.73 
1.19 3.94 0.540 

43.8 24.2 268 10.3 

3.36 8.52 4.82 3.62 
11.1 3.14 41.9 1.27 

222 181 2280 76.8 
22.9 190 3100 86.8 
3.36 7.16 193 3.04 

0.341 3.10 0.145 
3.92 

5.J9 18.9 38.1 7.95 
9.44 11.8 42.1 5.00 

110 931 2880 394 
70.3 277 2730 117 
4.97 8.04 54 3.19 

1.79 7.99 0.739 
34.2 29.7 284 12.6 

2.54 14.9 38.5 6.35 
2.91 6.56 34 2.76 

35.7 703 2670 297 
25.5 253 2640 107 

1.27 4.05 65.6 1.67 
1.07 3.86 0.450 

43.8 24.2 268 10.3 

.. - - ... - -

Market 
Drinking Bllsket Total Total All 

Water Food Oral Routes 

S4 100 818 827 
72 350 499 522 

310 990 7860 8300 
81000 290 85500 85900 

140 282 292 
7.2 50 69.8 69.8 

326 363 

54 700 803 817 
72 350 470 493 

310 990 6760 7180 
81000 290 84800 85000 

140 266 272 
7.2 50 62.9 62.9 

303 346 

54 700 771 774 
72 350 468 479 

310 990 3840 4060 
81000 290 84700 84700 

140 343 347 
7.2 50 60.8 60.8 

54 570 689 694 
72 230 361 . 370 

310 670 5190 5300 
81000 220 84300 84400 

77 142 147 
7.2 52 69.7 69.7 

19 345 379 

54 570 684 686 
72 230 345 348 

310 670 4650 4690 
81000 220 84200 84200 

77 148 ISO 
7.2 52 64.6 6.46 

19 322 365 
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Table 5.11 (I'rom Proloeol document) (Pale 2 of 2) 
Summary or ChronIc Roult,Spe4:lDc Intakes (~da)') 

(All Values Ire 10-6) 

Scenario Loeatlon 

Plnehu('$l 

Background All 

Contaminant . 
ArseniC 
Cadmium 
Lead 
Zinc 
Anlimony 
Mercury 
Copper 

Arsenic 
Cadmium 
lead(c) 

Zinc 
Antimo~a) 
Mereu b) 
Coppe a) 

lnhalallon 

0.313 
2.25 

25.7 . 
7.55 
0,313 

0.340 

0.313 
0.939 

14.1 

7.51 
0.313 

0.313 

(II) No antimony or copper data arc available for drinking water. 
(b) No background air data arc available (or mercury. 
(c) (Value) I, relalive 10 background soli concenlmtlon; 43 fLglgm Pb. 

Yllrd Soli 
~nges~ 

8.52 
3.41 

161 
140 

7.16 
0.341 

3.41 
0.213 

14.7 

32.4 
0.375 
0.0341 
9.54 

Route.Spe4:lne Intake , 
Oilier 

lIoU$l! Dust SolllDusl 
Ingestion Ingestion 

4.82 3.62 
40.1 l.45 

1850 68.3 
2530 59.3 
193 3.04 

5.62 0.145 

16.1 1.45 
1.28 OJ 16 

442 6.22 
[(9) 
153 13.7 

1.71 0.159 
0.161 0.0145 

45 4.05 

- - - - - - - .. t. - .. -

Market 
DrlnklnJ Basket Total Total All 

Water Food Oral Routes - -
54 570 641 641 
72 230 347 349 

310 670 3060 3090 
81000 220 83900 84000 

77 280 281 
7.2 52 65.3 65.3 

19 

S4 570 645 645 
72 230 304 ' 305 

310 670 1440 1460 
[1070] 110801 

81000 220 81400 81400 
77 79.3 79.6 

7.2 52 59.4 59.4 
19 77.6 71.9 

.... - -
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Table 5.12 (from Protocol document) 
Comparison of Chronic Lead Intakes (as ratios) 

by Location and Scenario(a) 

Historical: Current: Historical: 
Location Route Background Background Current 

Smelterville Inhalation 31.3 7.8 4.0 
Yard Soil Ingestion 84.4 63.3 1.3 
House Dust Ingestion(b) 10.8 6.5 1.7 

[69.1] [41.7] 
Other Soil/Dust Ingestion 88.3 63.3 1.4 
Drinking Water 1.0 1.0 1.0 
Market Basket Food 1.0 1.0 1.5 
Total Oral(b) 5.5 3.6 1.5 

All Routes(b) 
[7.3] [4.9] 
5.7 3.6 1.6 

[7.71 [4.91 

Kellogg/Wardner/ Inhalation 30.4 2.5 12.0 
Page Yard Soil Ingestion 52.8 47.8 1.1 

House Dust Ingestion(b) 9.8 6.0 1.6 
[62.81 [38.7] 

Other Soil/Dust Ingestion 56.1 47.7 1.4 
Drinking Water 1.0 1.0 1.0 
Market Basket Food 1.0 1.0 1.5 
Total Oral(b) 4.7 3.2 1.5 

All Routes(b) 
[6.3] [4.3] 
4.9 3.2 1.5 

[6.6] [4.3] 

Pinehurst Inhalation 15.7 1.8 8.6 
Yard Soil Ingestion 12.3 11.0 1.1 
House Dust Ingestion(b) 5.2 4.2 1.2 

[33.0] [26.8] 
Other SoilJDust Ingestion 12.3 11.0 1.1 
Drinking Water 1.0 ~.O 1.0 
Market Basket Food 1.0 1.0 1.5 
Total Oral(b) 2.7 2.1 1.3 

[3.6) [2.9] 
All Routes(b) 2.8 2.1 1.3 

[3·~1 [2.9] 

(a) All summary intake estimates are from Table 5.11. 
(b) {Ratio] is relative to background soil concentration; 43 ppm Pb. 

Nonbracketed value is relative to mean national house dust concentration for Pb; 275 ppm . 



Table 5.13 (from Protocol document) I Summary of Chronic Ronte-Specirl.c Intakes 
as a Percentage of Total Intake 

Percentage intake I Percentage Total Oral Intake, '!b aU routes, % 

House Other Market .. Yard Soil Dust Soil/Dust Drinking Basket Total 
~ Location Contaminant Ingestlon Ingestion Ingestion Water Food Oral Inltaiation 

Historical Smelterville Arsenic 27 3.8 1.3 6.6 85.6 98.9 1.1 
Cadmium 2.6 11.6 1.2 14.4 70.2 95.6 4.4 I Lead 15.8 60.7 7.0 3.9 12.6 94.7 5.3 
Zinc 6.5 4.2 6.2 94.1 0.4 !».5 6.5 

Anti::C?) 7.4 38.1 4.3 49.6 96.6~ 3.4 
Me;:t b) 4.4 11.3 23 10.3 11.7 

I Co a) 9.1 8U 3.8 89.S 16.2 

Kdloggf Arsenic l.7 3.7 6.1 6.1 87.2 98.3. 1.1 
Wardner! Cadmium 1.4 8.9 6.6 15.2 13.8 96.1 3.9 

I Page Lead U.5 64.1 5.2 4.6 14.6 94.2 5.8 
Zil1e 0.4 3.6 0.2 95.5 0.3 !».8 6.2 
Antimony 2.6 43.2 1.4 S28 97.8 22 
Mercwy 1.9 6.2 0.9 1.1 89.9 
Copper 8.0 88.4 3.4 87.6 124 I Pinehmsf .Arsenic 0..7 0.6 9.5 7.6 91.2 !».6 6.4 
cadmium 6.7 9.0 0.3 15.4 74.6 97.7 2.3 
Lead 4.7 59.4 26 8.1 25.8 94.6 5.4 I Zinc 0..2 3.6 1.0 95.6 0.3 -}I)O.G -0 
Antimony 2.1 56.3 0..9 40.7 98.8 1.2 
Men:uxy 6.6 5.1 6.2 11.8 823 
Copper 

I Current Sme!tet'\'l1le Arsenic 2.7 5.5 1.2 7.8 82.8 !».3 0.7 
Cadmium 3.3 11.7 1.4 19.9 63.7 97.6 24 
Lead 17.9 55.5 7.6 6,,(} 13.0 97.9 2.1 

eI Zinc 0..3 3.2 0.1 96.1 0.3 !».9 0.1 
Antimony 5.6 38.6 2.2 54.2 96.6 3.4 
Mercuxy 2.6 11.5 1.0 103 74.6 
Copper 8.6 S2.3 3.1 SA 91.0 9.0 

I ~noggf lu:senic 2.2 5.6 0.9 7.9 83.4 !».7 0.3 
Wardner' Cadmium 1.9 9.9 6.8 20.9 66.5 !».1 0.9 
Page Lead 15.1 57.4 6.4 6.7 14.4 !».1 0.9 

Zinc 03 3.1 0.1 96.2 0.3 -100.0 -0 I Antimony 2.7 44.3 1.1 51.9 98.7 1.3 
Mercury 1.7 6.0 0.7 11.1 80.5 
Copper 7.5 83.2 3.2 6.1 88.2 U.! 

PiuehU1'$t Arsenic 1.3 0.8 0.6 8.4 88.9 -100.0 -0 I Cadmium LO 11.6 0.4 20.7 ti6.3 !».4 0.6 
Lead S3 60.5 2.2 If.).) 21.9 !».O 1.0 
Zinc 0.1 2.9 0.6 96.4 0.2 99.9 0.1 

J Antimony 2.6 68.9 1.1 27.4 !».6 0.4 
Men:uxy OS 8.6 0.2 11.0 79.7 
Copper 

Back- Arsenic 0.5 2.5 0.2 8.4 88.4 -100.0 -0 I ground Cadmium 0.1 1.4 -0 23.7 15.8 !».7 0.3 
Lead(c) 1.0 30.7 0.4 21.5 46.4 98.6 1.4 

(1.41 [6A] {O.6} {29.{)1 {o2.6} l!».l} 10.9J 

I Zinc .0 0.2 -0 99.5 0.3 -100.6 .0 
Antimony(a) 0.5 2.2 0.2 97.1 !».6 0.4 
Mercuxy(b) -0 03 -0 121 87.6 
Coppcr(a) . 123 58.0 5.2 24.5 !».6 0.4-

I (a) No antimony or copper data are available for drinking water. 
(b) No background air data are available for mercury, e, (c) {%] is rclative 10 background soil concentration; 43 ppm Pb. 

Nonbradcered value a reiative to mean national nouse dust concentration for Pb~ 275 ppm. 

B01J7!8J01Ulllfm 
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incremental intakes to the total baseline intake is presented in Table 5.15 as percent 

additional increases above total baseline intakes for each contaminant. 

5.3 Chronic Exposures 

For arsenic, the bulk of the baseline chronic exposures/intakes in Table 5.11 is associated 

with market basket food for all scenarios and locations, with the greatest estimated total 

intake in KeUoggfWardner/page during the historical scenario at approximately 27% 

greater intake than for off-site background exposures. Greatest intakes due to inhalation 

are also found in Kellogg!Wardner/Page during the historical scenario at approximately 

45 times greater intake than for off-site background exposures. Additional exposures 

resulting from potentially high risk activities are evaluated as incremental intakes in 

Tables 5.14 and 5.15. 

The additional exposures/intakes in Table 5.14 are presented so that intakes are directly 

additive in any combination to the baseline estimate. The sum of all incremental and 

baseline intakes for arsenic can yield an increased intake above background of 9% to 

106% for current (since 1983) Pinehurst and historical (since 1971) Smelterville, . 

respectively. These are determined by comparison of ''Total All Intakes" in Table 5.14 to 

''Total All Routes" for background in Table 5.11. For example, in the case of historical 

Smelterville for arsefiic: 

106% = 100 x (1330 - 645) x 1006/(645 x 1006
) 

The. largest chronic intake increments are associated with groundwater consumption and 

extreme soil/dust consumption (due to "pica_type" behavior). 

Baseline cadmium exposures/intakes are primarily from market basket food, drinking 

water, and house dust ingestia'n for all scenarios and'locations within the site, with the 

greatest estimated chronic intake in Smelterville during the historical scenario at 

5-36 



I 
TabJe 5.14 (from Protocol document) I Summary or Baseline and lncremental Cbronic 

Daily IntakeS (~day) 

T ..... 

(All Values are Ilfli) 

Local Extreme 
Local Garden Drlnldng SoillDust Other All 

Seenario Location Contaminant Baseline Fish Vegetables Groundwater Ingestion SoillDust Intakes I -
Historical Smelterville Arsenic 827 4% 22.3 34 1330 

Cadmium 522 56.7 553 8S3O 294 24.6 10300 
Lead S300 284 1790 5990 28200 3170 41100 
Zinc 85900 8390 349000 17500 863 480000 I Antimony 292 658 39 989 
Mercury 69.8 -0 08.1 1.88 146 
Copper 363 624 31.1 1020 

I KelloggI Arsenic 817 126 63.4 2l.8 1030 
Wardner! Cadmium 493 56.7 553 1330 179 9.8 2620 
Page Lead 7180 284 1790 2590 18700 1980 32500 

L 
Zinc 85000 8390 219000 12200 608 325000 I Antimony m 50S 18.4 798 
Men:my 62.9 -0 24.8 2.46 90.2 

r Copper 346 573 24 943 
, 

P'mehurst Arsenic 774 42.4 20.7 837 I L 
Cadmium 419 56.7 238 91.9 4.09 870 
Lead 4060 284 985 6340 352 12000 

~ - Zinc 84700 6780 S720 321 101000 
Antimony 347 371 24.7 743 I Mercury 60.8 12.8 0.579 74.2 

r < 

Copper 

Current Smelterville Arsenic: 694 4% 147 20.6 lEiti ~ Cadmium 370 56.7 553 8830 205 16.1 
Lead 5300 284 1790 5990 13000 1820 282 ;. ~ 

[ Zinc 84400 8390 349000 8180 362 4SOOOO 
Antimony 147 243 10.1 393 ., Mercury 69.7 -0 52.S 3.40 126 
Copper 379 624 31.1 1040 

[ KelloggI Arsenic 686 553 126 120 15.9 948 

I Wardnerl Cadmium 348 56.7 1790 1330 126 7.52 2420 
Page Lead 4690 284 8390 2590 9260 1130 19700 

£ 
Zinc 84200 219000 7490 289 319000 
Antimony 150 210 610 366 r~ Mercury 64.6 .0 21.2 148 873 
Copper 36S 573 24 962 

[ Pinehurst Arsenic 641 42.4 ZO.7 704 
Cadmium 349 56.1 238 85 4.2 733 I Lead 3090 284 985 3940 252 8550 
Zinc 84000 6180 5070 168 96000 

[ Antimony 281 311 24.7 677 

I Mercury 65.3 12.8 0.519 78.7 
Copper 

I Note: "-" uidicates no data available. I 
I 
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approximately 70% greater intake than for off-site background. Additional exposures 

resulting from potentially high risk activities are evaluated as incremental intakes in 

Tables 5.14 and 5.15. The additional exposures/intakes in Table 5.14 are presented so 

that the intakes are directly additive:in any combination to the total baseline estimate. 

The sum of all incremental and baseline intakes for cadmium can yield an increased 

intake above background of 140% to 3,300% for current Pinehurst and historical 

Smelterville, respectively. The largest chronic intake increments are associated with 

primarily groundwater consumption and an order of magnitude less additional 

contnoution from local garden vegetable consumption and extreme soil ingestion (due to 

"pica-typetl behavior). 

For lead, the bulk of the baseline chronic exposures/intakes is associated with house dust 

ingestion and less so, but equally between, residential yard soils and market basket food 

consumption in Smelterville and Kellogg!Wardner!Page. Residential yard soil 

contnbutions to total baseline ~ead intakes in Pinehurst due to direct exposure and 

ingestion, for both current and historical scenarios, are approximately 5% of the total 

estimated oral chronic intake. However, as discussed above and in Section 4.3.2 of the 

PD, house dUst dependency on residential yard soil contaminant levels suggests that 

house dust contributions to intakes indirectly reflect soil contributions. The greatest 

estimated chronic lead intake is in Smelterville during the historical scenario at 

approximately 470% greater intake than for off-site background exposures. A 

comparison of chronic lead intakes in Table 5.12 shows that for the current scenario 

(since 1983) the ratios of community lead intakes to background intakes are 

approximately 3.6, 3.2, and 2.1, for Smelterville, KellogglWardner/page and Pinehurst, 

respectively. Additional exposures/intakes in Table 5.14 are presented so that the intakes 

are directly additive in any combination to the baseline estimate. The sum of all 

incremental and baseline intakes for lead can yield an increased intake above background 

of 490% to 3,200% for current Pinehurst and historical Smelterville, respectively. The 

largest chronic intake increments are associated with primarily extreme soil ingestion 

(due to "pica_type" behavior), less with consumption of groundwater, and about equally 

5-38 



I 
Tabll!' 5.15 {from Protocol document) I Summary of Incremental Chronic Daily Intake .. Above Baseline (Percent) 

Percent Incremental Oral Inlab 
If"!: 

Local Extreme Other Total 

I Local Garden DrlnJdng SoiJ/Dust SOW All 
Scenario Location Contamfmmt Fish Vegetables Groundwater Ingestion Dust Increments, % 

Historkal Sme11er'llille AIsenic 54.9 2.7 4.1 61 
Cadmium 10.9 106 1692 S6.3 4.7 1869 I Lead 3.4 21.6 72.2 340 38.2 480 
Zinc 9.8 406 2M 1.0 437 
Antimony 225 13.4 238 
Memuy 0 97.6 11.3 109 I Copper 112 &.6 181 

Kclloggf AIsenic 15.4 7.8 2.7 26 
Wardner! Cadmium 11.5 112 270 36.3 2.0 432 

I L Page Lead 4.0 24.9 36.1 260 27.6 353 
Zinc 9.9 257 14.3 0.8 28Z 
Antimony, 187 6.8 194 

[' Mercuty ~ 0 39.4 3.9 43 

I Copper 166 6.9 173 
L ~ 

Pinehum Al:senic s.s 2.7 8 
> • Cadmium 11.8 49.7 19.2 0.9 82 

I Lead 7.0 24.3 156 8.7 196 
Zinc 8.0 10.3 0.4 19 
Antimony 107 7.1 114 ,... Mercury 21.1 I.o 22 
Copper ttl 

,- Current Sme!tetvilIe Al:senic 64.3 21.2 3.0 88 
1 Cadmium 15.3 149 2386 55.4 4..4 2611 I - Lead SA 33.8 113 245 34.3 432 

Zinc 9.9 414 9.7 0.4 434 

r Antimony 165 6.9 112 
Mercwy 0 75.3 4.9 80 

I :: Copper 165 8.Z 173 

Kellogg! Al:senic 18.4 17.5 2.3 38 

~ 
WardnerJ Cadmium 16.3 159 38Z 36.2 Z.2 596 

I Page Lead 6.1 38.2 55.2 197 24.1 321 
Zinc 10J) 260 8.9 0.3 279 
Antimony 140 4.1 144 

( Mercury 0 32.8 2.3 3S 

I Copper 151 6.6 164 

P.inehUISl ArseDic 6.6 3.2 10 

l 
Cadmium 16.2 68.Z 24.4 1.2 110 
Lead 9.2 31.9 128 8.Z 177 I Zinc 8.1 6.0 0.2 14 
Antimony 132 8.8 141 

I 
Mercuty 19.6 0.9 21 
Copper I 

( Note: "-" indicates no data available. 
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between local garden vegetable consumption and other soi1/dust ingestion (at Pb 

concentrations representing the 95 percentile for residential yard soils). 

Baseline zinc exposures/intakes are'predominantly (<t 95%) from drinking water for all 

scenarios and locations, including background.. Additional exposures resulting from 

potentially high risk activities are evaluated as incremental intakes in Tables 5.14 and 

.5.15. The additional exposures/intakes in Table 5.14 are presented so that the intakes 

are directly additive in any combination to the baseline estimate. The sum of all 

incremental and baseline intakes for zinc can yield an increased intake above background 

of 18% to 490% for current Pinehurst and historical Smelterville, respectively. The 

largest chronic intake increments are associated with groundwater consumption. 

For antimony, the bulk of the baseline chronic exposures!intakes at the site is associated 

about equally with ingestion of house dust and consumption of market basket food. 

Additional exposures resulting from potentially high risk activities are evaluated as . 

incremental intakes in Tables 5.14 and 5.15. The additional exposures/intakes in 

Table 5.14 are presented so that the intakes are directly additive in any combination to 

the baseline estimate. The sum of all incremental and baseline intakes for antimony can 

yield an increased intake ~bove background of approximately 3t?0% to 1,170% for 

current Kellogg/Wardner/Page and historical Smeltervme, respectively. The largest 

estimated chronic intake increments for antimony are associated with extreme soil/dust 

ingestion (due to "pica_type" behavior) for all areas and scenarios. 

Baseline mercury exposures/intakes are primanly from market basket food for all 

scenarios and areas, including background. Additional exposures resulting from 

potentially high risk activities are evaluated as incremental intakes in Tables 5.14 and 

5.15. The additional exposures/intakes in Table 5.14 are presented so that the intakes 

are directly additive in any combination to the baseline estimate. The sum of all 

incremental and baseline intakes for mercury can yield an increased intake above 

background of approximately 25% to 146% for historical Pinehurst and historical 
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Smelterville~ respectively. The largest estimated chronic intake increments for mercury 

are associated with extreme soil/dust ingestion (due to "pica-type" behavior) for all areas 

and scenarios. 

For copper~ the bulk of the baseline chronic exposures!intakes is associated with house 

dust ingestion, with the greatest estimated chronic copper intake in KellogglWardn~rl 

Page during the current scenario at approximately 370% greater intake than for off-site 

background exposures. Additional exposures resulting from potentially high risk activities 

are evaluated as incremental intakes in Tables 5.14 and 5.15. The additional exposures/ 

intakes in Table 5.14 are presented so that the intakes are directly additive in any . 

combination to the baseline estimate. The sum of all incremental and base~e intakes 

for copper Ean yield an increased intake above background of approximately 1,100% for 

all scenarios and areas. The largest estimated chronic intake increments for copper are 

associated with extreme soil/dust ingestion (due to ftpica_typeu behavior) for all areas and 

scenarios. 

It should be noted that intake estimates for groundwater consumption may be considered 

low for all metals since concentrations were measured as dissolved and not total or total 

recoverable. As noted in Section 3.3, comparison of limited analyses suggests that 

estimates for cadmium may be representative of total metal intake. Intake estimates for 

arsenic, lead, and zinc, however, are probably low, since the metal associated with the 
'. 

suspended solid fraction was observed to be a significant portion of the total metals 

measured in recent analyses of site groundwater (Pintiar, 1990). 

5.4 Sub.chronic Exposures 

Sub-chronic and short-term exposures under some conditions can result in extreme 

intakes of contaminant metals. Ingestion o~ extreme amounts of soil and dust during 

childhood (ages 2-6 years) has been referred to in the past as "pica-type" behavior and 

can result in extreme intakes of contaminants. The effects of this behavior on lifetime 
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( chronic) intakes is presented above. The mean daily metal intakes from soils and dusts 

during the period at which this behavior is exhibited are quite high and are presented in 

Table 5.10. Soil and dust ingestion rates and consequent intakes associated with 

Itpica-type" behavior can yield up to ,ten times greater metal intakes than that exhibited 

by the typical child during ages 2-6 years. In Smelterville, a chi1dhood intake of up to 

3.5 mg Pb/day is estimated for 1983 and 2.0 mg Ph/day for 1988. Extreme soil and dust 

ingestion rates in Kellogg/Wardner/Page can yield lead intakes of approximately 

25 mg/day and 1.7 mg/day during 1983 and 1988, respectively. While "pica-type" 

behavior by children on the site was reported during the 1970s, it has not been associated 

with excess absorption in recent health studies at this site. 

Consumption of local garden vegetable produce can yield extreme intakes for metals. 
-

Table 5.8 shows that up to 220 times as much lead can be ingested due to consumption 

of local garden vegetables gro~ in SmelteIVille/KeIlogg versus that associated with the 

consumption of national market basket variety produce. Up to 62 times as much 

cadmium and 13 times as much zinc can he consumed in local garden produce versus 

market basket variety produce. The raising and consumption of local garden produce 

has been discouraged in the area for some time due to potentially extreme intakes of 

heavy metals • 

Increased metal intakes can occur during exposures to extreme air concentrations 

measured during windy days in the, Populated Areas. Tables .A3.3 and AS.7 in Appendix 

A show that episodic events measured as maximum 24-hour metals concentrations in air 

during 8-hour high wind periods can be 4 to 90 times greater than annual mean levels in 

the case of lead during 1987. Twenty-four-hour average TSP air concentrations 

(measured as PM10) during the summer and fall of 1987 and 1989 at any of the 

monitoring stations show statistically significant correlations (r ~ 0.7 and p :s; 0.01) with 

same day 8-hour TSP measurements (as high-vol total particulates during high wind 

periods) at various and multiple stations throughout the site. Exposures and consequent 

intakes resulting from inhalation during episodic events are estimated for lead and 
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presented in Table 7.10 of the PD. For the 2-year-old child in Smelterville, the lead 

intake associated with inhalation of extreme air lead levels (1-2 p.g Pb/m3
) could yield an 

incremental increase in blood lead level of approximately 1-2 fJ.g/dL 

Deposition of windblown dusts has significant impact on other receptor media in the 

area. Section 4 gescnbes the impacts that windblown fugitive dusts have on receptor 

soils and dusts in the residential area. Total suspended particulate (TSP) measurements 

were greater than or-equal to 150 p.g/m3 18% of the time from July through October 

1987 (measurement period was from 12:00 p.m. to 8:00 p.m. for 118 consecutive days). 

The lead concentration in air particulates ranged from 200 to 41,000 llg/gm solids (see 

Table 4.3), similar to the range of lead concentrations reported for fugitive dust sources 

(found in Table 2.13 of the PD). Lead concentration in dry deposition soUds have been 

reported to be similar to the lead concentration in suspended air particulate matter. The 

maintenance of residential soils at 5,000 p,glgm via deposition of windblown dusts could 

yield a childhood blood lead increase of approximately 20 p.g!d1 (5,000 p.gIPb/gm x 

0.065 gm/day ingestion x 20% G1 absorption x 0.30 day/dl response coefficient; see 

Section 8.2.2.3 of the PD). Direct contact of the same windblown dusts via inhalation 

during wind events yields a blood lead increase of 1-2 p.g/dl, approximately 10 to 20 times 

less than that possible from lead intake associated with the ingestion of windblown and 

deposited solids. This analysis suggests that the primary concern with windblown dusts 

and lead in air is the accumulation of contami1:tated solids at population receptor points 

and less with direct contact via inhalation. Sub-chronic and chronic exposures to 

wind-transported solids as soils and dusts could conservatively yield 1()"20 times the blood 

lead response via the ingestion route relative to the acute and sub-chronic expos~s 

presented in air via the inhalation route. Sub-chronic exposures for children to lead 

contaminated media will be presented and evaluated separately in Section 6.2.2. 
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6.0 RISK CHARACTERIZATION 

Risk characterization is accomplished by comparing exposure point concentrations and 
. . 

estimated intakes/doses to ARARs and other TBC guidances, including toxicological 

based endpoints and health advisories, for each of the site contaminants of concern. To 

characterize potential noncarcinogenic health effects, comparisons are made between 

estimated chronic intakes of contaminants and toxicity values (expressed as acceptable 

dally chronic intakes). To characterize potential carcinogenic effects or probabilities that 

an individual will develop cancer over a lifetime of exposure are estimated from 

projected intakes and chemical-specific dose-response information. 

6.1 Ca~cinogenic Risk 

Chemical-specific carcinogenic risk is estimated as: 

where: 

Cancer Riskj - CDIi X CPFi 

CDli - chronic daily intake for chemical i (mg/kg-day), and 

CPFi - cancer potency factor for chemical i (mg/kg_dayyl. 

Estimation of cancer risk due to simultaneous exposures to several carcinogens assumes 

an additive relationship' and no synergistic or antagonistic effects (USEP A, 1986b), and is 

expressed as: 

Cancer Ris~total) = L Cancer Riskj 

In a revision to the National Contingency Plan (USEP A, 1989b and 1990d), USEP A 

recommends that an acceptable carcinogenic risk to an exposed individual over a lifetime 

from a carcinogenic hazardous constituent in any medium is less than 1 x 10..0. While 

1 x 10-6 is descnbed as the overall goal, site- or remedy-specific factors preventing the 
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achievement of this goal) may require the consideration of allowing greater levels of risk. 

As risks increase above 1 x 10-6, they become less desirable, and the risks to an mdividual 

should not exceed 1 x 104~ 

Cancer Potency Factors (CPFs) for the site contaminants of concern are only available 

for arsenic via ingestion, and for arsenic and cadmium via the inhalation route of 

exposure. 

Available CPFs for Site Contaminants of Concem(a) 
(mg/kg-dayyl 

Arsenic 

Cadmium 

Oral Exposure 

1.S(b) 

(a) Source: USEPA. 19881>. 
(b) Source: USEPA. 1989k. 

Inhalation Exposure 

SO(c) 

6.1 

(c) Inhalation slope factor is In terms of absorbed dose. 
Absorption/deposition of inhaled ~c is estimated 
to be 30%. 

The product of the route-specific CDIs for arsenic and cadmium trom Tables 5.11 and 

5.14 and the above CPFs are summarized in Table 6.1 as route~specific baseline 

carcinogenic risk estimates, and in Table 6.2 as total baseline and incremental 

carcinogenic risk estimates. Total risk associated with various potentially high risk 

activities are determined by adding any combination of the incremental risks for each 

scenario to the respective baseline estimate, yielding a total combined risk. Figure 6.1 

graphically presents the cancer risk estimates found in Table 6.2 for total arsenic and 

cadmium intakes. 
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I 
I Table 6.1 

Summary of Baseline Carcinogenic Risk Estimates(a) 

(' Route-Specific Risk 

Other Market Total, 

I 
Yard Soil House Dust SoiJ/Dust Drinking Basket Total All 

Scenario Location Contaminam Inhalation Ingestion Ingestion Ingestion Water Food Oral Routes ---
Historical Smelterville Arsenic 1.4xlO-4 3.4xHr5 4.6xl0-5 1.6xlO·S B.lxIO'S 1.hIO·3 1.2xlO·3 1.3x10·3 

I 
Cadmium 1.4xlO-4 
Lead 
Zinc 
Antimony 

I 
Mercury 
Copper 

2.8xIO-4 3.4xlO'S 4.6xl0·5 1.6x10·5 8.lxlO'S 1.lxlO·3 1.2xlO·3 1.3xlO·3 Total . 

-. Kellogg! Arsenic 2h1O-4 2OxlO'S 4.5XlO·S 8.2xIO-O S.hlO·S l.hIO·3 1.3xlO·3 l.5xlO·3 

Wardner/Pagc Cadmium l.hIO-4 
Lead 
Zinc 

--. 
Antimony 
Mercwy 
Copper 

3.2xIO-4 2OxlO·S 4.5x1O·5 8.2xlO-6 8.hIO·S l.hIO-3 1.2xIO-3 l.5xlO·3 Total -.. ' 

Pinehurst Arsenic S.OxIO·S l.3x:lO'S 7.2'1:10-6 5.4xlO-6 8.lxI0'S 1.lxlO·3 1.2x1O·3 1.2'1:10-3 

Cadmium 6.8x:lO·5 

Lead 
Zinc 

Ie Antimony 
Mercury 
Copper 

l.2xlO-4 1.3xlO·5 8.1xlO·5 l.lxlO·3 . 1.2xlO·3 Total 7.2xIO-O 5.4xlO-O 1.2xIO·3 

l Current Smelterville Arsenic 7.8x:lO·5 2&10.5 5.7xlO'S 1.2xIO·5 8.lxI0'S 8.6xlO-4 I.OxIO·3 1.IxIO·3 

Cadmium S.8x:l0·S 

Lead 

I~: 
Zinc 
Antimony 
Mercwy 
Copper 

1.4xl0-4 2.8xlO'S S.7xlO'S 1.2xl0·5 -S.lxl0'S 8.6xl0-4 1.OxIO·3 l.lxlO·3 

11 Total 

~ .~ 
KeUogg! Arsenic 3.8x:lO'S 2.2xl0'S S.8x:l0·5 9.5xl0-6 8.lxlO'S 8.6xlO-4 1.0xI0·3 1.lx10·3 
WardJler/Page Cadmium 1.8xlO'S 

11 Lead 
t Zinc 
): Antimony 

Mercury 

I 
Copper 

5.000.5 22xlO'S - S.8xIO'S Total 9.5x10-O 8.lxl0·S 8.6xl0-4 I.Oxl0·3 l.lxIO·3 

'. , 
t 
• 



I 
Table 6.1 (Continued) 

I Summary of Baseline Carcinogenic Risk Estimates(a) 

Route-Specific Risk .. Other Market Total, 
Yard.50il House Dust Soil/Dust Drinking Basket Total All 

Pinehurst 

Contaminant Inhalation Ingestion Ingestion Ingestion Water Food Oral Routes 

Arsenic 4.7x10-6 1.3x10·S 7.2x10-6 SAx10-6 8.1xlO·S 8.6x10-4 9.6x1O-4 9.&10-4 I 
Cadmium 1.4x1O·5 

Scenario Location 

Lead 
Zinc I Antimony 
Mercury 
Copper 

1.9xlO·S l.3xlO·S 7.2,dO-6 s.4xio-6 8.1x10·5 8.6xlO-4 9.6xlO-4 9.8x1O-4 Total I Arsenic 4.7xl(rO 5.1x1O-6 2.4x10·5 2.2xlO-6 8.1x1(r5 8.6xIO-4 9.6xIO-4 9.8x10-4 

Cadmium S.7x10-6 
, Background All 

Lead I Zinc 
Antimony 
Mercury 
Copper 

1.OxlO·S S.1xlO-6 2.4xlO·5 2.2xlO-6 8.1xlO·5 8.6xlO-4 . 9.6xlO-4 9.8xlO-4 I Total 

(ll) Contaminants and media for which risk is not estimated is due to lack of either an approp~e CPF and/or media concentrations from which intakes can I 
be estimated. CPFs are available only for anenic (oral and inhalation) and cadmium (inhalation only). Intake estimates are derived from Table 5.11. 
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Baseline total carcinogenic risk is predominantly due to exposures associated with 

consumption of market basket produce, with an approximately 30% increase above 

background (9.8 x 10-4) due to site exposures. The greatest baseline cancer risk due to 

arsenic exposures is associated with the historical scenario in Smelterville, which is 

approximately 34% greater than the estimated off site background risk. The background 

risk (9.8 x 10-4) is considered excessive, and the increase associated with site exposures 

may not be significant. A significant portion of arsenic intakes from market basket 

produce is associated with seafood consumption; the species of arsenic in seafood is 

typically a form that is rapidly absorbed and excreted but does not appear to pose the 

same amount of risk as inorganic arsenic. Consequently, health risk due to arsenic 

intakes from market basket food consumption may be overestimated. However, a 

doubling of background cancer risk could result from the chronic consumption of 

contaminated groundwater during the historical scenario in Smelterville and Kellogg 

[(1.4 + 0.67) x 10.3/(0.97 x 10.3) = 2.1, for S~elterville; and (1.5 + 0.19) x 10.3/(0.97 x 

10-3
) = 1.7, for Kellogg1. The confidence level associated with the arsenic oral CPF is 

low-to-moderate (USEPA, 1988e and 1989k); therefore, the uncertainty associated with 

the estimated carcinogenic risk due to oral arsenic exposures could result in 

overestimates of the actual risks due to arsenic ingestion • 

carcinogenic risk associated with the inhalation route of exposure only is graphically 

presented in Figure ~.2, with about equal contnoutions of risk from arsenic and 

cadmium. A relatively high degree of confidence is associated with these estimates of 

risk to lung cancer. Air concentrations are believed to be representative; the CPFs for 

both arsenic and cadmium are derived from human studies suggesting that a high degree 

of confidence could be associated with the risk estimates. Approximately 28 times 

greater risk (2.8 x 10-4) to lung cancer is associated with the historical scenario for 

Smelterville relative to background (1.0 x 10.5), and about 14 times greater risk for 

current Smelterville compared to background due to the inhalation route of exposure. 
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I Table 6.2 

I 
Summary of Baseline and Incremental Carcinogenic Risk Estimates(a) 

Local Extreme Total, 

f' 
Garden Drinking! Soil/Dust Other All 

Scenario Location Contaminant Baseline Local FISh Vegetables Groundwater Ingestion SoiIJDust Intakes -
Historical Smelterville Arsenic 1.3xl0·3 6.7xlO-4 3.3xl0-5 5.1xlO·5 21xl0·3 

Cadmium 1.4xl0-4 

I 
Lead 
Zinc 
Antimony 
MercUIy 

I 
Copper 

1.4x10·3 6.7xlO-4 3.3xl0·5 5.1xlO'S 21xlO·3 Total 

l.5xl0·3 1.9::dO-4 9.5xl0·5 3.3xlO·5 1.8:c10·3 Kellogg! Arsenic 

I~ . WardneriPage Cadmium 1.1xl0-4 
Lead 
Zinc 
Antimony 

IL 
Mercury 
Copper 

1.&1:10.3 1.9xl0-4 9.5xl0·5 3.3xl0'S 1.&10.3 Total 

Pinehurst AIsenic l.2Jtl0·3 6.4xl0·5 3.1xl0'S 1.3x10·3 

I~- Cadmium 6.8x10·S 

Lead 
Zinc 

I" 
Antimony 
Mercury 
Copper 

1.3x10·3 6.4xl0·5 3.1xlO'S l.3xl0·3 , 
Total 

Ie Cun:ent SmeltCl.'\lille Arsenic 1.1xl0·3 6.7xlO-4 22x10-4 l.1xIO·S 2Oxl0·3 

Cadmium S.8xl0·5 

I..<:ad 
Zinc 

I:' Antimony 
Mercury .... Copper 

Total 1.2x10·3 6.7xlO-4 22x10-4 3.1xlO·S 2.OxlO-3 

I!' Kellogg! Arsenic 1.1xl0-3 1.9x10-4 1.8xl0-4 24xl0-5 l.5xl0-3 L WardnerJPage Cadmium 1.&10.5 

I..<:ad 

ID Zinc 
Antimony 
Mercury 
Copper 

I.Mo-3 1.9x10-4 1.Bx10-4 2.4xl0-5 l.5dO-3 

I~ 
Total 

';~ Pinehurst Arsenic 9.&10-4 6.4xlO·5 3.lxlO·5 1.1xl0·3 

Cadmium 1.4xlO·5 

I[ Lead 
Zinc 
Antimony 
Merettty 

II 
Copper 

9.&10-4 6.4x10·S, 3.lxIO'S I.MO·3 Total 

(a) Contaminants and media forwbich risk is not estimated is due to Jack of either an appropriate CPF and/or media concentrations from 

II 
which i?takes can be estimated. CPFs are available only for arsenic (oral and inhalation) and cadmium (inhalation only). Intake estimates 
JlIe derived from Table 5.14. 
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Figure 6.1 . 
Total Carcinogenic Risk Due To As and Cd Intakes 
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Total carcinogenic risk at the site could be greater than estimated due to multiple and 

simultaneous exposures to chemicals for which information regarding cancer 

dose-response and/or synergistic relationships are not available. While cancer potency 

for lead has not been estimated, the USEP A has established a "low potency" classification 

for this chemical (USEP A, 1989f) which suggests excessive lead exposures could 

contribute to carcinogenic risk. Greater metal intakes are associated with the population 

residing on site prior to the period evaluated (pre-1971), and the risks reported here are 

those associated with exposures in the home environment (for the homemaker) and not 

the occupational environment 

The community at large, including workers, exhibits increased cancer mortality rates 

relative to. the region. Table 6.3 summarizes tumor registry data for the period 1977 to 

1986 for Shoshone County and the State of Idaho for comparison. Also presented are 

observed versus expected cases determined by a method approved and nationally applied 

by the National Cancer Institute (IDHW, 199Ob). In general, incidence of cancer is 

greater than expected, and greater in Shoshone County than in the State of Idaho with 

relative percent increases about the same for both sexes. The most significant increases 

are associated with respiratory cancers for both males and females of Shoshone County, 

with male incidences greater than female. Approximately 90% of the respiratory cases 

are due to cancer of the lung and bronchus. This may be related to the increased lung 

cancer risk estimates due to inhalation of arSenic and cadmium presented above for site 

residents. 

Other smelter related contaminant emissions could also contnbute to the observed excess 

cancer mortalities. The National Cancerlnstitute has reported excess mortality from 

lung cancer, independent of smoking habits, in Shoshone County as well as in other 

smelting counties in the United States where smelters are located. This increase was 

found in females as well as males, a finding which suggests that the carcinogenic hazard 

of the smelter extends beyo~d the smelter work force to the general community (Blot 

and Fraumeni, 1975). True mortality rates due to area exposures are expected to be 
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Respiratory . 

Digestive 

Urinary 
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Digestive 

Urinaly 

Table 6.3 

Shoshone County Population Cancer Rates 
For 1977-1986<a) 

AVERAGE AGE-ADJUSTED CANCER RATES 

Males Females 
Idaho Shoshone Idaho Shoshone 
State County State County 

340.9 416.1 272.7 288.9 

68.1 152.4 23.8 38.5 

68.4 753 50.2 60.9 

34.6 37.6 10.3 16.7 

OBSERVED AND EXPECl'ED CANCER CASES FOR SHOSHONE COUN1Y 

Males Females 
Expected Observed Expected Observed 

352.7 380 3063 297 

84.3 137 24.6 41 

89.0 73 68.5 ' 61 

33.5 34 12.3 17 

(a) Source; IDHW.l990b. 
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greater than demonstrated by registry data since some of the exposed population have 

moved out of the area and been replaced by non- or less-exposed individuals. 

6.2 Noncarcinogenic Risk 

Noncarcinogenic risks are evaluated by comparison of contaminant-specific chronic daily 

intakes (CDIs) for each of the pertinent exposure routes (from Tables 5.11 and 5.14) to 

. the appropriate reference doses (RIDs) for antimony, arsenic, cadmium, copper, mercury 

and zinc. Due to the unavailability of an appropriate RID and the sensitivity of children 

to lead, exposures are evaluated by blood lead surveys conducted on site and a 

dose-response analysis for children using an integrated uptake/biokinetic dose-response 

model deyeIoped by the USEP A Environmental Criteria and Assessment Office (ECAO) 

(USEP A, 1988d). 

6.2.1 Chronic Exposures and Associated Health Risks 

The risk of adverse noncarcinogenic health effects from contaminant exposures is 

expressed in terms of the Hazard Index (HI). The HI is the r~tio of the estimated 

human intake to the acceptable int~e, or the estimated intake believed to be saf.e. The 

chemical-specific H1i is calculated for chronic exposures as: 

where: 

HIj - chemical-specific Hazard Index for chronic exposures (unitless), 

CDli - chemical-specific Chronic Daily Intake (mglkg-day), and 

AICi - RfD(chronic) = Acceptable Intake for Chronic exposures (mglkg-day). 

The cumulative or total HI for specific toxic effects and target organs is estimated by 

summing the individual contaminant HIs for those contaminants with common adverse 
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effects. Excess risk is determined to be where HI(Specific disease) ~ 1.0 and when HI (specific 

disease) is different from that associated with background exposures. 

The noncarcinogenic health effects and associated Ales for the site contaminants of 

concern are as follows: 

Noncarcinogenic Effects and Associated RIDs 
for Site Contaminants or Concern 

Chemical Exposure Route Pathology AlC,mglkg.day(a) 

Antimonfd) Oral GI Irritation 4x 10-4 

Arsenic(!) Oral Skin Lesions 1 x 10-3 

Cadmium(e) Oral Renal Dysfunction 
food 1 x 10-3 

water 5 x 104-

Copperle) Oral G I Irritation 1.3 mgtL(b) 

LeadOO Inhalation Various, including 
& Oral Renal Dysfunction, 

Anemia & 
Neurobehavioral 

Deficiencies Unavailable 

Mercurfc,h) Oral Renal Dysfunction 3 x 10-4 (e) 

Zinc{e) Oral Anemia 0.20 

Chemicals with common effects include: 

Ca.dInium. lead and mercury for renal toxicity. 
Uadandme~anema . 
Antimony and copper for production of gastrointestin~ (01) irritation. 

(a) USEPA, 1988b 
(b) USEPA, 1984e 
(e) USEPA, 1989k 
(d) USEPA, 1989h 
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(e) USEP A, 1984c,d,f,and g 
(f) ATSDR, 1987 
(g) JEG et ~ 1989 
(h) USEP A, 1987 
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The oral RID (in this case AlC) for copper is derived from the drinking water standard; 

and assuming the standard represents a total acceptable intake, a 2-liter/day water 

consumption rate, and an average lifetime body weight of 70 kg, an estimated AlC or 

RID(Chronic) of 3.7 x 10-2 mglkg-day is derived for copper. The Minimal Risk Level (MRL) 

of 1 x 10-3 mglkg-day proposed by ATSDR (ATSDR, 1987) is used for the oral 

RfD(ChroniC) or AlC for arsenic. Subtotal oral HIs for cadmium and mercury are summed 

to yield a total HI characterizing risk to renal disease [HI(renal disease) = HIQj + HIHg], 

and antimony and copper subt~tal oral HIs are summed for characterizing total risk to 

gastrointestinal (GI) toxicity [HI(m toxicity) = HIsb + HIcul· 

Chemical-specific noncarcinogenic risk estimates, in terms of HIs, are calculated by 

dividing intake estimates from Tables 5.11 and 5.14 by the appropriate AlCs (above). 

Chemical and route-specific HIs are presented in Table 6.4 for baseline risk and 

Table 6.5 for incremental risk due to potentially high exposure activities. Note that there 

are no inhalation-specific AlCs for determination of noncarcinogenic effects associated 

with the inhalation route of exposure for any of the site contaminants of concern. 

Figures 6.3, 6.4, 6.5 and 6.6a and b graphically summarize the baseline and incremental 

risks (in terms of totaVcumulative oral HIs) for occurrence of skin lesions (HIAs), 

hematopoietic. effects (HIZn), gastrointestinal toxicity (HIsb + HIcJ and renal dysfunction 

(H~ + HIHg), respectively. 

Risk for skin lesions due to arsenic exposures via the oral route, presented in Figure 6.3, 

is greatest in Smelterville for the historical baseline scenario (HI = 0.82), and an 

incremental risk is greatest due to groundwater consumption (HI = 0.45), yielding a 

total HI of approximately 1.3. Greatest arsenic contnbutions to baseline exposures and 

intakes is due to National market basket food consumption (80-90% of baseline intakes), 

with minor contributions from other exposures. The historical baseline arsenic exposures 

for Smelterville, as a worst case, are approximately 26% greater than that for northern 

rural Idaho background. The other potential incremental exposure/intake routes for 
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Table 6.4 

I Summary of Baseline Noncarcinogenic Risk Estimates(a) 
(Chronic Hazard Indices) 

Route·Specific H=Ird Index 

Martel 
I 

YantSoil House Oust SoilIOust Drinking Basket Total 
Scenario Locatiou Contaminant Inhalation Ingestion Ingestion Ingestion Water Food Oral I Historial SmdtcrYille Arsenic 0.022 0.Q31 0.010 0.OS4 6.70 0.82 

Cadmium 0.013 o.oSS 0.0059 0.14 0.35 0.51 
Lead 

I Zinc 0.0022 0.018 0.001I 6.41 0.0015 G.43 
Antimony 0.053 0.2:1 0.030 0.3S 0.10 
Merauy 0.010 0.626 0.0054 0.024 0.17 0.24 
Copper 0.00080 0.0071 0.00034 0.0088 

Total 0.10 0.40 0.052 0.62 1.6 2.8 I Kcnog:! Aaenic 0.0014 0.030 0.0055 0.054 0.10 0.80 
WaninerJPage Cadmium 0.0061 0.042 0.0031 G.I4 0.35 0.54 

Lead 

I Zinc 0.0016 0.015 0.00076 0.41 0.0015 0.43 
Antimony 0.018 0.29 0.0093 0.3S 0.61 
Men:uty 6.0040 0.013 0.0018 0.024 0.17 0.21 
Copper 0.0006S 0.0072 0.D0028 0.0081 

Total 0.044 039 0.020 0.62 1.6 2.1 ttl Pinehurst AIseuic 6.0085 0.0048 0.D036 0.054 0.10 0.77 
Cadmium 0.0031 0.042 0.0013 6.14 0.35 0.54 
Lead 

I Zinc .0.0009S 0.016 0.D0043 0.41 0.0015 0.43 
Antimony 0.618 0.48 0.0076 035 0.86 
Mercmy 0.0011 0.010 0.00048 0.024 0.11 0.21 
Copper 

I Total 0.032 0.s5 0.013 0.62 1.6 2.8 

SmelteMnc AIseuic 0.019 6.038 0.D080 o.oS4 0.57 0.69 
Cadmium 0.612 0.042 0.0050 0.14 0.35 0.55 
l...ea4 

I Zinc 0.0014 0.014 0.OOOS9 OAI 0.0015 0.43 
Antimony 0.020 0.14 0.0080 0.19 036 
Mercmy 6.0060 0.027 0.002S 0.024 6.17 0.23 
Copper 0.00080 0.0071 0.00034 O.OOOSI 0'.0093 

I Tccal 0.058 0.26 0.024 0.62 1.3 2.3 

KdlOW Ancnic 0.015 1}'o39 0.0064 0.054 0.51 0.68 
WardnerlPage Cadmium 0.0066 0.034 0.0028 0.14 0.35 0.54 

Lead 

I Zinc 0.0013 0.013 0.00054 0.41 0.0015 0.43 
Antimony O.OJO 0.16 0.0042 0.19 036 
Memny 0.0036 0.013 0.0015 0.024 6.17 0.21 
Copper 0.0006S 0.0072 0.00028 0.00051 0-0086 

I Tow 0.037 0.26 0.015 0.62 1.3 2.2 

I 
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Table 6.4 (Continued) 
Summary of Baseline Noncarcinogenic Risk Estimates(a) 

(Chronic Hazard Indices) 

Route-Specific Hazard Index 

Market 
Yard Soil HouscDust SoillDust Drinking Basket 

Contaminant Inhalation ~ Ingestion Ingestion Water Food 

Ar.I.c:nic O.OO8S 0.0048 0.0036 0.054 0057 
Cadmium 0.0034 0.040 0.0015 0.14 0.35 
Lead 
Zinc 0.00070 0.013 0.00030 0.41 0.0015 
Antimony 0.018 0.48 0.0076 0.19 
Metau'Y 0.0011 0.019 0.00048 0.024 0.17 
Copper 

Total 0.032 0055 0.014 0.62 1.3 

Ar.I.c:nie 0.0034 0.016 0.0015 0.054 0057 
Cadmium 0.00027 0.0013 0.0001'2 0.14 0.35 
Lead 
Zinc 0.00016 0.00077 0.000069 0.41 0.0015 
Antimony 0.00094 0.0044 0.00040 0.19 
Metau'Y 0.00011 0.00054 0.000048 0.024 0.11 
Copper 0.00026 0.0012 0.00011 0.00051 

Total 0.0052 0.024 0.0023 0.62 1.3 

TOlal 
Oral 

0.64 
0053 

0.43 
0.70 
0.21 

2.S 

0.65 
0.49 

0.41 
0.19 
0.19 
0.0021 
20 

(a) CODtammanlS and media for which the hazard index: is not estimated is due to lack of eidlC[' an appropriate reference dose (RiD). in terms of an 
acceptable chronic daily intake (AI<=). and/or media concentrations from which inl3kcs can be estimated. IUDs are available for antimony. cadmium. 
merc:ury and zinc; ora! route only. IliI3kc estimates an:: derived from Table S.l1. 

B0IT7141010.51-pc;ijmc 
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Table 6.5 .. 
Summary of Baseline and Incremental 

Noncarcinogenic Risk Estimates(a) I (Chronic Ha2ard Indices) 

Local ~ ToW. 

I Gardea Drinkingf SoiiJOust Other All 

Sce!wio l.oc:arioD CootamiDant Baseline LocalFuh Vegetables Ground Water Ingestion SoilJDust Intakes -
Historical Smeite:ville AtseIIic 0.82 0.45 0.02:Z 0.034 1.3 

CadmiUm 0$1 0.057 OS5 rus. 0.29 oms o.t9 I Lead 
2lDC 0.43 M42 1.1 0.088 0.0043 2.3 

A.IIt.imOOy 0.10 1.6 (1.098 2.4 

Mcn:uIy 0.24 -0 G.23 0.026 O.so 

I Coppct' 0.0088 0.017 0.00084 0.027 

ToW 2.S 0.QS1 o.s9 .20 2.2 lUg 26 

~ AaeDic 0.80 0.13 0.063 0.022 1.0 

WardnerlPa&e CadmiUm 0.54 o.os7 OS5 2.7 0.18 0.009S 4.0 I Lead 
Zinc 0.43 0.1)42 l.1 0.061 0.0033 1.0 

A1Uimoay 0.07 1.3 0.046 2.0 

MetaU)' 02l -0 0.083 0.0082 0.30 

I Coptl« 0.(1081 0.015 o.oooos 0.024 

ToW 2.7 0.057 0.59 3.9 1.6 0.089 9 

Pine.hnm' AneDic 0.17 0.042 0.021 0.83 

Cadmium 0.54 0.057 0.24 0.092 0.0041 0.93 

~ Lead 
Zillc 0.43 0.034 0.044 0.0016 0.51 

t\lUimcny 0.86 0.93 0.062 1.9 

Memuy c:n 0.043 0.0019 IUS 

I Olpp:t 
ToW 2.S O.OS1 o.z1 1.1 0.088 4.4 

Cum:::!Il Smc.ltemlJe AtscsIic 0.69 OAS f).IS 0.021 1.3 

Cadmium ass 0.0s7 OSS 0.18 0.21 O.ot6 Q.19 I Lead 
zmc 0.43 0.042 P 0.041 0.001S 2.2 

AntiIDofty 0.3& o.6l 0.02S 1.0 

Mercury 0.23 -0 (US 0.011 0.42 I Copper 0.00!n 0.011 0..00084 0.027 

ToW 2..3 aos1 0.59 20 l.Z oms 24 

tc:cnoaI Arse!Iic: 0.68 0.13 Q.12 (t.Ol6 MS 

I WardncrtPage Cadmium 9.54 0.057 0.55 2.7 IUS 0.0075 4.0 

Lead 
ZiIic 0.43 0.042 1.1 0.031 0.0014 l.6 

AnUmouy 0.3& 0.053 oms 0.91 

MetaU)' • 0.21 -0 0.071 0.0049 0.29 I Copper 0.0086 O.OlS 0.00065 0.024 

ToW 2.2 0.057 0.59 3.9 n.89 (MUS 7.8 

I 
I 
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Table 6.5 (Continued) 
Summary of Baseline and Incremental 

Noncarcinogenic Risk Estimates(a) 
(Chronic Hazard. Indices) 

Local Extreme . Total. 
Garden Drinldngl Soil/DlI$t Other All 

Scenario Location Contaminant Baseline Local FISh Vegetables Ground Water Ingestion SoillDust Intakes 

PiDehur.s& Arsenic 0.64 0.042 0.021 0.70 
Cadmium 0.53 0.057 0.24 0.085 0.D042 0.92 
Lead 
Zinc 0.43 0.034 0.025 0.00084 0.49 
Antimony 0.70 0.93 0.062 1.1 
Mercury 6.2l 0.043 0.0019 0.25 
Copper 

Total 2S 0.OS7 o:n 1.1 0.90 4.1 

(a) Conwninants and media for which the Iw:ard index is not estimated is due to !act oC either an appropriate reference dose (RID), in terms of an 
acceptable chronic daily intake (AlC)..and/or media concentrations from which intakes can be estimated. RIDs are available for antimony, cadmium, 
.IDC%'CW1 aDd zW; or:d route only. l'.Iu.ake c:mmales am derived from Table 5.14. 
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Figure 6.3 
Noncarcinogenic Risk For Skin Lesions 

(Risks associated with As intakes) 
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arsenic appear to pose little additional risk to noncarcinogenic adverse health effects 

relative to background. 

Evaluation of baseline zinc exposures and oral intakes indicates that for all scenarios and 

populations of concern, current drinking water can account for 95% to approximately 

100% of baseline intakes. The most sensitive and potentially toxic effects of zinc 

exposures are manifested as anemia, with baseline risks for all target and background 

populations being abou~ equal (HI::. 0.4) due to exposures from current drinking water 

sources. Figure 6.4 presents the estimated HIs for anemia due to zinc exposures for 

target and background' populations. Excess risk to anemia could result from baseline 

exposures plus groundwater consumption in Smelterville (HI(anemia) = 2.1) and Kellogg! 

Wardnerf!.>age (HI(anemia) = 1.5) for both current and historical scenarios. Risk to 

anemia resulting from baseline and incremental exposures is estimated as lower limits 

since risk is not characterized for concomitant and excess lead exposures. Estimates of 

adverse health risk associated with zinc from consumption of groundwater are low 

relative to the potential risk since groundwater concentrations used for intake estimates 

are based on dissolved metals and not total or total recoverable. A relatively high level 

of certainty is associated with the oral risk estimates as lower limits since a high degree 

of confidence is associated with both intake estimates (as lower limits for groundwater) 

and the oral RID for zinc. 

Antimony and copper exposures and consequent intakes via the oral route can result in 

gastrointestinal toxicity. Baseline risk to gastrointestinal effects in terms of HI(sb + Cu) 
. . 

are less than 1.0 for all scenarios and target populations. Figure 6.5 presents the 

estimated HIs for gastrointestinal toxicity due to antimony and copper intakes, with 

antimony contnbuting > 95% of the toxicity. ''Pica-type'' behavior could result in 

unacceptable lifetime and sub-chronic risk to gastrointestinal toxicity (HI(sb + Cu) ~ 1.0) 

from extreme ingestion of soil and dust during the historical scenario for all populations 

of concern. Current house dust antimony concentrations in Pinehurst are assumed to be 

the same as last measured in 1974, and thus probably overestimates the current risk 
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Figure 6.4 
Noncarcinogenic Risk For Hematopoietic Effects (Anemia) 
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Figure 6.5 
Total Noncarcinogenic Risk For Gastrointestinal Toxicity 

(Risks associated with Cu and Sb intakes) 
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associated with house dust ingesti~n in Pinehurst. The certainty associated with. risk 

estimates to gastrointestinal toxicity is low due to low confidence in the oral RID for 

antimony. 

Risk to renal disease due to baseline cadmium and mercuIY exposures and consequent 

intakes via the oral route, in terms of an HI{Cd + Hg)' is determined to be acceptable 

<.Hl(renal disease) < 1.0). Figure 6.6a and b presents the estimated HIs for rena] dysfunction 

due to cadmium and mercury intakes via the oral route. Approximately 60 to 90 percent 

of baseline and background cadmium and mercury intakes are due to national market 

basket produce consumption with a significant portion of the remaining intake largely 

due to house dust ingestion. Excess risk to renal disease could occur from the combina­

tion of baSeline exposures plus local garden vegetable consumption (HI(reru!J disease) = 
0.98(curmlt. PinenW) to l.4(histOdcal, Smelterville» or from baseline eXposures plus groundwater 

consumption (HI(renal disease) = 3.5(cw:tent. Ke1loggIWardner/Page) to 19(histOdcal, Smelterville»' with 

cadmium contributing> 98% of the estimated toxicity. t'Pica-type" behavior, resulting in 

ingestion of extreme amounts of soil and dust, could yield excess risk for renal damage, 

with generally equal contnbutions of toxicity from cadmium and mercury. Risk to renal 

disease resulting from baseline and incremental exposures is estimated as lower limits 

since risk is not characterized for concomitant and excess lead exposures. Estimates of 

adverse health risk associated with cadmium are low relative to potential risk since 

groundwater concentrations used for intake 'estimates are based on dissolved metals and 
, , 

not total or total recoverable. Because the confidence level associated with the oral RID 

for t:admium is high, a reiatively high degree of certainty is associated with oral risk 

estimates for renal disease as lower limits. 

, 
\ 

Table 6.6 summarizes the exPosure routes, scenarios and potentially high risk activities 

that could result in unacceptable risks to noncarcinogenic disease due to chronic 

exposures to site contaminants of concern. Unacceptable risk is determined to. be where 

H~specifiC disease) ~ 1.0 and when HI(specifiC disease) is different from that associated with 
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Figure 6.6a 

Noncarcinogenic Risk For Renal Toxicity 
(Risks associated with Cd and Hg intakes) 
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Figure 6.6b 
Noncarcinogenic Risk For Renal Toxicity 
(Risks associated with Cd and Hg intakes) 

(Same as Figure 6.6a with ground water contribution removed) 
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Table 6.6 
Summary of Exposure Routes, Scenarios and 

Potentially High Risk Activities that Could Result in 
Unacceptable Chronic Risk ~o Noncarcinogenic Disease 

Skin lesions due to arsenic exposures: 

Historical, Smelterville • 
Current, Smelterville -

Anemia due to zinc (and lead*) exposures: 

Historical, Smelterville -
Historical, Kellogg/Wardner/Page -
Current, Smelterville -
Current, Kellogg/Wardner/Page -

baseline plus groundwater consumption. HI ~ 1.3 
baseline plus groundwater consumption, HI ~ 1.1 

baseline plus groundwater consumption. HI <!: 2.1 
baseline plus groundwater consumption, HI ~ 1.5 
baseline plus groundwater consumption, HI <!: 2.1 
baseline plus groundwater consumption, HI ~ 1.5 

Gastrointestinal irritation due to antimony and copper exposures: 

-HistOrical, Smelterville -
Historical. Kellogg/Wardner/Page -
Historical, Pinehurst** -

baseline plus "pica-type" behavior. HI = 2.3 
. baseline plus "pica-type" behavior, HI = 2.0 

baseline plus "pica-type" behavior. HI = 1.8 

Renal dysfunction due to cadmium and mercmy (and lead*) exposures: 

NOTE: 

Historical and Current for both Smelterville and Keliogg/WardnerlPage 
baseline plus local garden produce consumptiOn, HI <!: 1.3 - 1.4 
baseline plus groundwater consumption. HI ~ 3.5 - 19 

Historical and Current, Smelterville -
II 

baseline plus "pica-type" behavior, HI :1l: 1:1 - 1.3 

Historical, Kellogg/Wardner/ Page- baseline plus "pica-type" behavior, HI :1l: 1.0 

"Pica-type" behavior is associated with extreme soil and dust ingestion rates exhibited by some children 
of ages 2 through 6 yeaIS. 

* While an RID is not available for lead, extreme lead exposures can contribute, among other 
pathologies, to anemia and renal disease. 

** Antimony in Pinehurst house dusts is represented by 1974 mOnitoring results and may be in excess 
of actual current concentrations. 



background exposures. Sub-chronic exposures and consequent intakes could result in 

unacceptable sub-chronic toxicities, especially for consumption of local garden produce 

and extreme soil/dust ingestion ("pica-type" behavior), and when chronic (lifetime) HIs 

are determined to be less than 1.0. < 

6.2.2 Sub-chronic Lead Exposures 

Population exposures to environmental lead is of special concern to young children and 

pregnant women (as surrogates to the fetus) due to their susceptibilities and sensitivities 

to low doses of lead (see Sections 3.5.1.5 and 5 in the PD for detailed presentation). 

Primary exposure information and toxicological, clinical and epidemiological evidence 

from health surveys suggests that sub-chronic exposures to children and pregnant women 

is the primary concern in the RI/FS area regarding lead exposures. 

The traditional approach for risk characterization of metal exposures is by comparison of 

chronic and sub-chronic intakes to an RID. This method is currently not appropriate for 

lead because an acceptable RID is not available. Most information and research 

concerning the adv~rse he~th effects of lead have been expressed in terms of the blood 

lead level as an indicator of recent and sub-chronic exposures. Potential health risk to 

lead exposures is expressed in terms of a range of blood lead levels associated, with 

adverse health effects. Actual blood lead survey d~ta are available for the site since 1974 

and are used to assess current health risk to the childhood population. < 

The exposure analysis for lead is accomplished in a manner consistent with the 

methodology employed by the USEPA in its review of the National Ambient Air Quality 

Standard (NAAQS) and the Federal drinking water standard for lead. These evaluations 

determine how and to what extent reductions in environmental lead concentrations could 

affect reductions in population blood lead levels. Lead exposures and heaith-based blood 

lead targets are evaluated by a dose-response analysis for childhood blood lead levels 

using an integrated uptake/biokinetic dose-response model developed by the USEPA 
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Environmental Criteria and Assessment Office (ECAO). The dose-response model and 

associated input parameters are selected, evaluated and validated here employing site 

epidemiolOgic data, which is presented in Appendix C. Application of the dose-response 

model to evaluate historical populations and the no-action remedial alternative is 

unnecessary since site-specific population blood lead values are available. The model will 

be used for determination of remedial goals for the protection of public health and for 

the evaluation and selection of remedial alternatives. 

Considerable amounts of environmental and health survey data are available for this site 

and are presented in detail in the PD (JEG et al., 1989). A summary of childhood blood 

lead distributions for each of the Bunker Hill communities are graphically presented in 

Figures 6.7 through 6.11. For comparison, the blood lead distributions for children 

(white, rural and :s: 5 years of age) examined nationally in the National Health and 

Nutrition Evaluation Survey (NHANES) (1984) Study for the period 1976 through 1980 

are also noted. Blood lead statistics from the NHANES show an arithmetic mean of 

13.5 ~g!dI, geometric mean = 12.7 ~g!dI, and a geometric standard deviation of 1.42. 

Additional childhood blood lead distributions and associated statistics for the site are 

presented in Figures A6.1 through A6.7 and Table A6.1 in Appendix A, and Figures Cl 

thfough C12 in Appendix C. For 1975 to 1980 the Bunker Hill community mean blood 

lead levels were 2.1 to 2.9 tim~s greater than off-site background. Estimated chronic 

intakes for lead during the current scenario (from Table 5.12) were approximately 2.1 to 

3.6 times greater than background, similar to the increase for blood leads. While blood 

lead levels at the site have decreased since 1974, the variance, in terms of the geometric 

standard deviation, has actually increased from 1.39 in 1975 to 1.81 for children :s: 3 years 

of age in 19834 The larger variability for recent years suggests that multiple rather than 

single sources of. lead are probably impacting childhood exposures. 

While total lead exposures and consequent intakes have been reduced in recent years 

compared to population exposures experienced during the p~riod of active smelter 

operations, multiple but small sources are currently responsible for population exposures. 

6-27 



FIGURE 6.7 
Smelterville Childhood Blood Lead Distributions by Year 
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FIGURE 6.8 
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Kellogg Childhood Blood Lead Distributions by Year 
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FIGURH6.9 
Wardner Childhood Blood Lead Distributions by Year 
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FIGURE 6.10 
Page Childhood Blood Lead Distributions by Year 
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FIGURE 6.11 
Pinehurst Chlldhood Blood Lead Distributions by Year 
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These sources have always been present, but were overwhelmed during active smelter 

operations by large emissions of lead contaminated fugitive dusts and stack emissions. 

Primary contaminant sources responsible for adverse exposures to the residential 

population prior to 1981 were related to active smelter emissions, where post-closure and 

current sources, while reduced in total strength, are multiple and residual due to past 

accumulations of contaminated solids and wastes. 

Significant exposures and consequen~ absorption of lead have occurred on site over the 

years. Lead toxicity was extreme during the 1970s (see Section 5 in the PD) with ~otable 

improvement following closure of the Bunker Hill operations in 1981 and further 

reduction in blood lead levels after 1983. Figures Cl through C6 in Appendix C and 

Figure 6.12 show the changes in blood lead distnoutions and mean blood lead levels by 

age as a function of time. Factors contnbuting to a reduction of blood lead levels may 

include the following: 

• Reduction in environmental media lead concentrations, 

• Reduced environmental lead loadings, 

• Dietary lead intake reduction, 

• 

• 

• 

• 

Shift in the types of chemical species and bioavailability of lead, 

Increased physiologic clearance (excretion) rates, 

Improved nutritional intakes and general health status, and 

Intak~ reductions achieved through denying access to sources and the 
increase in family and personal hygiene practiced in the community. This 
would be reflected in improved hygienic (housekeeping) practices, 
increased vigilance, parental awareness, and special consultation regarding 
remedi,~tion practices such as lawn care, removals, restrictions, etc .. 

The blood lead threshold of concern has continued to decrease over time as new 

information demonstrates adverse health effects at lower levels. These changes have 
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been summarized in USEPA, 1986a and ATSDR, 1988. In 1978, the USEPA, in 

association with CDC, identified 30 fLgldl as a target threshold for the protection of 

children against the adverse health effects of absorbed lead. The CDC lowered the 

target threshold in 1985 to 25 p.gldl as a level above which medical intervention is 
<. 

advised. The World Health Organization in 1987 identified a blood lead threshold at 

20 p,g/dL Recent information indicates that no threshold has been detected at which 

health effects due to absorbed lead are not observed. The USEPA and ATSDR have 

indicated that blood lead levels around 10-15 JLgldl or even lower in young children may 

be argued as becoming biomedically adverse. It has been noted that risks associated with 

absorbed lead are likely in the range of 10-15 JLg/dl and less certain below 10 lJ.g/dI. The 

USEPA Qean Air Scientific Advisory Committee (CASAC) (USEPA, 1990a) suggests 

that 10 j.LgidI is the maximum blood lead permiSSible for all members of sensitive groups, 

and not to be representative of a population mean or median value. CASAC strongly 

recommends a public health goal of minimizing the lead content of blood to the extent 

possible through reduction of lead exposures in all media of concern. Recently, the CDC 

has indicated that consideration is being given for identifying 10 JLgldl as a community 

action level and 15 JLgldl as the level requiring child placement in a fallow-up health 

program (USEP A, 1990b). 

Greatest attention is given to young children with blood lead levels above 10 tJ.g/dl. This 

is consistent with the concerns for adverse health effects to young children due to low 

level lead exposures. A detailed presentation of lead health effects and a comprehensive 

toxicological profile is found in Sections 3.5.1.5 and 5~4 of the PD (JEG et a!., 1989). 

Review of the industrial post-closure (since 198i) blood lead survey data indicates that 50 

(13.7%) children in 1983, 7 (3.1%) children in 1988, 8 (2.9%) children in 1989, and 2 

(-1 %) children in 1990 required medical intervention due to exceedance of the 1985 

CDC criteria. With respect to the 10 to 15 p.g Pb/dl range of concern for children, survey 

data indicates that 49.2% of the site children exhibited:?! 15 f.£g Pb/dl blood and 80.5% :?! 

10 p.g Pb/dl blood in 1983; 15.4% :?! 15 p,g Pb/dl and 45.2% :?! 10 f.£g Pb/dl in 1988; 
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25.8% ~ 15 p.g Ph/dl and 50.6% ~ 10 /-Lg Pb/dl in 1989; and 11.3% ::: 15 p.g Pb/dl and 

37#0% ~ 10 p.g Pb/dI blood in 1990. 

Some of the health effects of low leVel lead exposures are reported to be long-term and 

possibly permanent (see Sections 35.1.5 and 5.0 in the PD for a detailed presentation). 

Lead exposures during infancy and childhood, that resulted in an average blood lead 

level of 34 p,g!dl, are reported to be associated with long-term central nervous system 

deficits that persist into young adulthood (Needleman et al, 1990). Early childhood lead 

exposures were found to be significantly associated with diminished academic success 

relative to a lower blood lead reference group, specifically lower class standing m high 

school, increased absenteeism, lower vocabulary and grammatical-reasoning scores, poor 

hand-eye coordination, extended reaction times, slow finger tapping, and increaSed 

school-drop out rate (Needleman et aI., 1990). A review of past exposures and health 

survey data at the Bunker Hill site indicates that during extreme exposures in the early to 

mid-l97Os up to 80% of the children exhibited blood lead levels that. are associated with 

adverse neurobehavioraI development which persists into young adulthood. Additional 

concern for past lead exposures (prior to smelter closure in 1981) is due to the potential 

release of lead from normal bone resorption during pregnancy and lactation and the 

resultant pre- and post-natal exposures to children who are born today of mothers who 

were exposed as children in the 1970s. 

In the absence of cleanup standards for lead contaminated environmental media, a risk 

assessment approach using a modeling technique for blood lead response has been 

investigated as a means of establishing multi-media cleanup levels for lead. This 

approach has been used by the EP A~s OAQPS to establish the NAAQS for lead, and is 

being considered by the Environmental Criteria and Assessment Office (ECAO) as a 

method for determining cleanup levels for lead in soils and dusts. The integrated uptakel 

biokinetic dose-response model is applied here to rC?late childhood blood lead levels to 

contaminated media exposures. Model parameters are selected and validated using the 

site-specific data base. The validated model and associated input parameters are used 
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for the evaluation of remedial goals and potential cleanup alternatives for lead 

contaminated soils and house dusts. 

The integrated uptakelbiokinetic dose-response model is a four-compartment first order 

kinetic model of lead metabolism that has been developed from data obtained in 

controlled single dose and chronic lead exposures of infant and juvenile baboons. 

Dynamic blood measurements and steady state blood and organ lead measurements were 

closely fitted to predict equilibrium concentrations of lead in blood, liver, kidney and. 

bone (the four compartments in which 95% of total body lead is contained). The model 

utilizes a linear relationship between absorbed lead (from multiple media) and blood 

lead at levels of uptake from 10 to 100 p.g Pb/day in terms of age-specific reciprocal 

clearance rates or physiologic response coefficients (presented in Appendix C). 

Linearity and greatest predictive power of the model is at blood lead levels less than 

30-40 p.gldl; progressively greater intakes are· required to yield equal and successive 

incremental increases in blood lead levels above 30-40 llgldl. This relationship of 

reduced slopes between blood lead level and intake at higher blood lead levels may be 

due to nonlinear renal clearance, distributional non-linearities due to differences in lead 

binding sites in different tissues, and/or to a sizeable pool of mobile lead in bon~ 

maintained independently of uptake (USE~ A, 198ge). 

The model is fleXIble and allows the use of site-specific input data as well as default 

values for critical input parameters. A test of model sensitivity to input parameters has 

shown that in most environments, including Bunker Hill, where residual lead 

contamination is associated with soils and dusts, the critical input parameters are dietary 

lead intake, soil and dust ingestion rate, gastrointestinal absorption of lead, and the 

variance in blood lead response (in terms of the geometric standard deviation about the 

mean blood lead) (USEP A, 1990b). Site-specific epidemiological data has been used in 

Appendix C to test and validate critical input parameters to the model. 
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The integrated uptake/biokinetic dose-response model is shown to be accurate for 

predicting childhood mean blood lead response at the Bunker HilI site given the 

appropriate environmental media lead concentrations and site-specific input par-:uneters. 

Blood lead variances for the site population are approximately log-normally distributed, 

and a population geometric standard deviation can be applied to the predicted mean 

blood lead value to describe obsexyed distributions. Application of the dose-response 

model with site-specific input parameters has been demonstrated to predict bloOd lead 

levels for the site population over a range of environmental conditions. The integrated 

nptake/biokinetic dose-response model for lead with use of appropriate site-specific' input 

paiameters is suitable for evaluating the effectiveness of selected remedial goals. 

Input parameters to the dose-response model that most accurately descn'be recent (since 

1983) childhood (ages :;: 9 yrs) blood lead levels at the Bunker Hill site are: 

• 

• 

• 

• 

• 

Air lead mean concentration = 0.14 pglm3
, yielding 0.3 p,g Pb/day uptake 

Lead intake from diet = 10 p.gJday, yielding 3.5 p.g Pb/day uptake 

Soil/Dust ingestion rate = 55-75 mgJday, and a mean 01 Pb absorption 
rate = 20%; yielding 21-27 pg Ph/day ~ptake from soil and house dust 

Community mean daily lead up~akes = 26 p,gldaY{19S8) to 30 IlgldaY(1989) 

Commtmity blood lead geometric standard deviation- (GSD) = 1.67 -
1'~(1~1985? . 

Model results suggest that from 81 to 87 percent of the total lead uptake for the typical 

child in Smelterville, Kenogg, Wardner and Page during 1988 and 1989 is attnbuted to 

contaminated residential soil and house dust ingestion. The model predicts that 

application of a 500-1000 p,g/gm (ppm) soil and house dust lead cleanup level, which is 

consistent with recent USEP A guidance concerning soil lead cleanup levels at Superfund 
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sites., would yield a blood lead response of less than 10 ILgidl for 97 to 100 percent of the 

childhood population. This prediction assumes that soil replacement values are less than 

-100 ILgigm lead (USEP A, 1989a). 
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7.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The Populated Areas of the Bunker Hill site comprise approximately 20% of the 21 

square mile area located in the Coeur d'Alene mining district of northern Idaho. The 

site encompasses a non-operational primary lead/zinc smelting complex and includes five 

towns, a mine/mill facility, and contaminated river drainage. It has been divided into 

populated and non-populated portions for Remedial Investigation/Feasibility Studies 

(RI/FS). The Populated Areas consists of four cities and one unincorporated community 

with approximately 5,000 residents and includes all residential, commercial, and municipal 

public properties in the site. 

Large amsmnts of potentially toxic contamination exist on the site as a result of a century 

of mining and smelting activity and associated waste discharges. There are health 

concerns with respect to both the volume and toxicity of the residual wastes. Primary 

contaminants of concern, relative to human health risk in the Populated Areas, include 

antimony, arsenic, cadmium, copper, lead, mercury, and zinc. Contamination is 

ubiquitous and is found in a wide range of concentrations in residential yard soils, interior 

dusts, right-of-ways, commercial properties, surface and groundwater, and air particulate 

matter. Exposure of sensitive sub-populations to these media can result in excess risk of 

both carcinogenic and non-carcinogenic disease. Remedial alternatives will likely include 

a combination of source removals, in-situ stabilization, access limitations and associated 

institutional controls. 

The area has been documented as having a long history of lead-related health problems. 

The U.S~ Environmental Protection Agency (USEPA), the Federal Centers for Disease 

Control (CDC), the Idaho Department of Health and Welfare (IDHW), the local 

Panhandle Health District (PHD), and the Agency for Toxic Substances and Disease 

Registry (ATSDR) have cooperatively conducted a number of environmental 

investigations, health surveys, and medical surveillance activities in the area. Public 

health intervention and medical foll~w~up programs have been in place over the last two 

7-1 



decades to reduce excess lead absorption among area children. Continued health 

monitoring and response programs will likely be required as remediation activities 

proceed 

7.1 Baseline Characterization 

Site characterization activities conducted in the Populated Areas RI have provided media 

specific contaminant concentrations for soils, dusts, airborne particulates, groundwater, 

surface water, and local foodstuffs. These data, presented in Section 2, indicate that 

several hundred private properties have metal contaminant levels in soils and dusts that 

could present a hazard to human health or the environment. Appropriate media 

concentrations were compared to State and federal applicable or relevant and 

appropriate requirements (ARARs) and to-be-considered material (TBCs). These 

materials are generally referenced as cleanup standards and/or guidelines for remedial 
" , 

actions at Superfund sites. Those chemical-specific ARARs and TBCs expected' to be 

protective of human health were presented and compared to site data in Section 3. For 

several of the chemicals of concern and relevant pathways, no MARs or TBCs exist. In 

those instances, the risk assessment process was used to determine and evaluate excess 

health risk in a baseline analysis, and for the evaluation of the effectiveness of selected 

cleanup goals as remedial alternatives. Exposure assessment and risk characte~ation 

were presented in Sections 5 and 6. 

A comparison of site characteristics to chemical-specific ARARs and TBCs for the 

Populated Areas of the site, shows that contaminants in various media are found at 
J 

concentrations that present a risk to human health. The available site-specific d~ta, 

presented in Section 3.3, indicates that groundwater contaminant concentrations "exceed 

State and federal groundwater and drinking water standards for cadmium, lead and zinc. 

Groundwater, in many parts of th~ site, is unsuitable as a drinking water source. 
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Comparison of chemical-specific ARARs and TBCs for air shows that the National 

Ambient Air Quality Standards (NAAQS) for particulate matter as PMlO was exceeded in 

Pinehurst (during winter months only) approximately 10% of the time in 1987 and about 

3% of the time in 1988. The State air quality standard for maximum 24-hour 

concentration of particulate matter was exceeded 11% of the time in Pinehurst during 

1987. These exceedances were observed only during winter months, and are reported to 

be associated with particulate emissions from wood burners. Current air quality 

standards for particulates and lead are being met for the remainder of the site. 

However, contaminant fate and migration analyses suggest that air transport of 

contaminated solids during episodic high wind events is a significant pathway. 

Reentrained dusts can contribute to the maintenance of metal contaminant levels in soils 

and house dust at critical receptor points in the Populated Areas' of the site. 

Pertinent guidance issued by the USEP A and CDC concerning excess soil and dust lead 

levels states that "lead in soil and dust exceeding 500-1,000 ppm (Jlglgm) appear to be 

responsible for blood lead levels in children increasing above background levels". The 

USEP A has issued a directive establishing an interim soil cleanup level for total lead at 

500-1,000 J1g1gm. Site data indicates that approximately 95% of the residential yard soil 

lead concentrations in the most contaminated communities are equal to or greater than 

500 J.£glgm and approximately 85% ~ 1,000 JLglgm. In the case of house dust lead 

concentrations, about 85% are ~ 500 JLglgm, with about 65% ~ 1,000 JLglgm. 

Contaminant migration sampling and analysis indicate that dusts transported into the 

Populated Areas have concentrations ranging from 1,000 to 20,000 JLglgm lead. 

Deposition of these solids could result in similar short-term concentrations in house dusts 

and on other exposed surfaces. On an annual basis, concentrations in these media could 

be as high as 3,000 - 5,000 f.£glgm. Continued accumulation of these solids could cause 

clean soils to be recontaminated to the 500 - 1,000 JLg/gm range in as little as five to ten 

years. 
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A health advisory for blood lead levels issued by CDC in 1985 states that a blood lead 

level in children of 25 p.g/dl or above indicates excessive lead absorption and constitutes 

grounds for medical intervention. However, significant health risks are associated with 

blood lead levels less than 25 p.g/dL The CDC level was chosen as a compromise 

between, then considered, acceptable risks and the practical and technical limits' of lead 

screening programs. ATSDR and the USEPA have noted that adverse health effects are 

associated with blood lead levels as low as 10 p.g/dl, and possibly less, due to pre- and 

post-natal exposures to children. The USEP A Oean Air Scientific Advisory Committee 

(CASAC) sugges~ that 10 Ilg/dl is the maximum blood lead permissible for all members 

of sensitive groups. CASAC suggests that levels in excess of the iO - 15 p.g/dl rimge 

warrant concern and strongly recommends a public health goal of minimizing the lead 

content of blood to the extent pOSSIble through reduction o~ lead exposures in all media 

of concern. Several of the adverse effects of lead on children are cumulative and 

irrevemble and may result in subtle, long-term impairment in neurological and physical, 

development. For 275 chHdren tested for blood lead at the site in 1989, 3% showed 

blood lead levels equal to or greater than the 25 p.g/dl CDC (1985) advisory level, 

approximately 26% of the children exhibited levels ~ 15 Ilg Pb/dl, and 56% ~ 10 p.g Pb/dl 

blood. The highest blood lead level among those tested in 1989 was 41 p.g/dl. In 1990, 

2S5 children were tested in Smelterville, Kenogg, Wardner and Page. Forty percent 

(40%) of these children had blood levels in excess of 10 p.g!dl and 14% exceeded 

15 p.g/dl A significant percentage of the children tested currently ·ex1ubit blood'lead 

levels exceeding a level reported to be associated with adverse health effects. 

A human health risk assessment was conducted for site residents to evaluate 

endangerment when suitable ARARs were not available. The risk assessment determines 

and evaluates the potential risk that contaminated environmental media pose to current 

residents who have lived on site since 1983 (smelter post-closure) and since 1971 (smelter 

pre-closure). Two different lifetime scenarios were evaluated to determine if significantly 

greater risk was incurred by current residents due to exposures experienced during active 

smelter operations. These exposures were evaluated because residual and latent health 
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effects associated with historical metal exposures may result in body burden accumulation 

and/or increased risk to chronic disease and cancer. 

Baseline chronic risk was evaluated by utilizing mean media concentrations and 

determining exposures and consequent intakes for the typical or general population. 

Other high risk activities can result in heightened exposures that may requir~ unique 

management. These activities were characterized as incremental exposures. Consequent 

risk (beyond typical baseline) was evaluated for the following potential high risk activities: 

• Ingestion of local garden produce, 

• Extreme dirt (soil and dust) consumption C·pica-typelt behavior), 

• Ingestion of "other" soils and dusts, 

• Consumption of locally caught fish, 

• Consumption of contaminated (site) groundwater, and 

• Inhalation of air exhibiting extreme levels of contaminants. 

Results of the chronic exposure and risk characterization presented in Section 6.1 

indicates that' excess (above background) carcinogenic risk is associated with baseline 

exposures and consequent intakes for arsenic and cadmium in air. Total baseline (70 

year lifetime) risk to lung cancer, due to inhalation of arsenic and cadmium under 

current site conditions, is from 2 to 32 times greater than for off-site background. Under 

the historical scenario, risk to lung cancer was two to six times greater than the current 

scenario for the same communities. Baseline cancer risk estimates indicate that the 

typical population exceeds USEPA's acceptable range for cancer risk (10-6 to 10-4). 

Baseline chronic and sub-chronic exposure evaluation and risk characterization are 

consistent with and supported by results of area health surveys and epidemiological 

studies. Lung cancer risk estimates are supported by tumor registry data showing excess 

respiratory cancer rates for the area. 
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Chronic and sub-chronic non-carcinogenic risk estimates presented in Section 6.2 

indicate that excessive risk to disease is associated with consumption of resident~al soils 

and dusts, consumption of site groundwater, consumption of local garden produce, and 

"pica-type" chlldhood behavior. Site contaminants responsible for potential adverse 

health effects to the resident population include arsenic, cadmium and zinc in 

groundwater; cadmium and lead in local garden produce; and antimony, cadmium, lead 

and mercury in. soil and dust. Increases in baseline risk to noncarcinogenic disease 

associated with historical metal exposures are primarily related to lead. From 1.3 to 1.6 

times greater intake of lead is associated with the historical versus the current lifetime 

exposure scenario for this community. Estimates of chronic lead intakes for the site 

population indicate that from 2 to 6 times as much lead has been ingested and inhaled 

than for an off-site rural background population. 

Lead health surveys of area children indicate that current blood lead levels for many 

children exceed levels at which adverse health effects are associated. During 1989, eight 

children required medical intervention due to exceedance of the 1985 CDC health 

criteria. In 1990, two of 362 children had blood lead levels exceeding 25 J.l.gfdl. With 

respect to the 10 to 15 JLgldl Ph range of concern, survey data for Smeltervine~Kenogg, 

Wardner and Page in 1989 indicates that approximately 25% of children s 9 years of age 

exceeded a blood lead level of 15 JLWdl and -50% exceeded 10 l1g1dL In 1990~ 40% 

exceeded 10 p.gfdl and 14% exceeded 15 J.l.g!dl in these communities. In PinehUrst, 29% 

and 5% exceeded 10 p,gJdl and 15 p,g/dl, respectively. A review of past exposu~es and 

health survey data at the Bunker Hill site indicates that during extreme exposures in the 

early to mid-l91Os, up to 80% of the children exhibited blood lead levels that are 

associated with adverse neurobehavioral development which persists into young 

adUlthood. Additional concern for past lead exposures (prior to smelter closure in 1981) 

is due to the potential release of lead from normal bone resorption during pregnancy and 

lactation and the resultant pre- and post-natal exposures to children who are born today 

of mothers who were exposed as children in the 19705. 
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7.2 Procedures for Determination of Remedial Goals 

Risk management and remedial decisions in the Populated Areas of the site are 

dependent on site media contaminant concentrations and migration characteristics. 

Remedial actions are supported by conformance with ARARs and human health risk 

evaluations. In general, the most stringent of those considerations are applied for 

remedial planning purposes. The evaluation of both the baseline risk assessment and 

remedial goals require the determination of environmental contaminant concentrations 

that result in acceptable levels of risk. The remedial plan requires consideration of 

potential contaminant migration for institution of permanent solutions. 

7.2.1 Consideration of Carcinogenic Risk 

Baseline carcinogenic risk due to total intakes of arsenic and cadmium at the site is 

estimated to be slightly greater than that associated with estimated background exposures 

( -1 x 10.3), that are primarily due to arse.nic consumption of national market basket 

produce. Baseline carcinogenic risk in conjunction with the risk associated with the 

consumption of site groundwater in Smelterville and Kellogg due to arsenic intakes could 

result in a doubling of the risk associated with background exposures. Excess health risk 

due to arsenic in groundwater makes this source unsuitable for drinking in many areas of 

the site. 

Total baseline risk to lung cancer due to inhalation of arsenic and cadmium is presented 

in Section 6.1 and Figure 6.2. Figures 7.1a and b present estimated risk to lung cancer as 

a function of arsenic and cadmium air concentrations after 1990. The plots take into 

consideration the exposures incurred in each community prior to 1991. Total risk to lung 

cancer is determined by summing the individual chemical risks. For example, total risk to 

h~ng cancer for a population born in Kellogg in 1971, employing most recent air 

concentrations for arsenic (O.OOS #kg/mS) and cadmium (0.009 #kg/ms) under a no-action 
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Figure 7.1a 

Lung Cancer Risk 

Associated with Arsenic in Air 

Slope (historical) = 3.1 x 10-5 m3/ug 
Slope (current) = 4.1 x 10-5 m 3/)1g 

Kellogg, historical 

Smelterville, historical 

Pinehurst. historical 

Smelterville, current 
Kellogg. current 
Pinehurst. current 

o 0.005 0.010 0.015 0.020 

Air Concentration (Jlg/m 3 ) 

o = risk under no-action alternative for each scenario. 

• = background risk. 

Note: total lung cancer risk = risk(arsenic) + risk{cadmium). 
back,.around mean air concentration = 0.001 Pll: As.Im3 • 
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Figure 7.1b 

Lung Cancer Risk 

Associated with Cadmium In Air 

Kellogg. historical 

Smelterville, historical 

Slope (historical) = 1.3 x 10-5 m 3/pg 
Slope (current) = 1.7 x 10-5 m 3/pg 

Pinehurst, historical 

Smelterville, current 
Kellogg, current 
Pinehurst, current 

o 0.010 0.020 0.030 0.040 

Air Concentration (J.lg/m 3 ) 

o = risk under no-action alternative for each scenario. 

• = background risk. 

Note: lotal lung cancer risk::: risk(arsenic) + riskicadmium). 
background mean air concentration = 0.003 JIg Cd/m3 . 



alternative, is 3.2 x 10-4 (21. x 10·S(As) + 11. x 10-5(01»)' Alternatively, (for a population in 

Kellogg, born in 1971) the total risk for lung cancer would be 3.0 x 10-4 (19. x 10-5(As) + 

11. x 10·5(ed») if mean air concentrations for arsenic and cadmium in Kellogg are reduced 

to 0.002 j.£g/m'J and 0.002 p.g/m3
, respectively. Acceptabl~ levels of risk to lung cancer 

may never be attained at any future arsenic and cadmium air levels for those individuals 

who have had considerable historical and cumulative exposures. Tumor registry data 

supports the presence of an etiologic agent for the increased occurrence of respiratory 

cancers in the area. Rural Idaho background risk for lung cancer may not be attained by 

a popUlation on site until a new generation of newborns is exposed to mean air 

concentrations of 0.001 wi/m3 for arsenic and 0.003 j.£glm3 for cadmium, or some 

combination of concentrations yielding a total lung cancer risk of 1.0 x 10-5, or less. 

7.2.2 Consideration of Chronic Noncarcinogenic Risk 

Chemical-specific 'noncarcinogenic risk estimates due to chronic exposures are presented 

in Table 6.4 for baseline risk and Table 6.5 for incremental risk due to potentially high 

exposure activities. Figures 6.3, 6.4, 6.5 and 6.6 graphically summarize the baseline and 

"'incremental risks for occurrence of skin lesions, hematopoietic (blood cell formation) 

effects, gastrointestinal toxicity and renal dysfunction. Unacceptable chronic non­

carcinogenic risks (HI ~ 1.0) are presented in Table 6.6. All estimated baseline non­

carcinogenic risks for specific toxic endpoints and target organs due to oral intakes of site 

contaminants of concern have been determined to be acceptable (HI($pedtic~) < 1.0). 

Unacceptable noncarcinogenic risk due to excess exposures to arsenic, cadmium and zinc 

could result from consumption of site groundwater. ExceSs metal intakes could cause 

skin lesions, anemia and renal disease due to arsenic, zinc and cadmium intakes, 

respectively. Adequate protection can be attained by achieving federal drinking water 

standards for groundwater as discussed in Sections 3.0 and 6.3.1.1. 
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Excessive soil and dust ingestion by children, characterized as "pica-typell behavior, could 

result in unacceptable risk to disease due to antimony, cadmium, mercury and lead 

intakes. This behavior, if observed, requires control to minimize adverse exposures. 

Excessive and unacceptable sub-chronic and chronic exposures to cadmium and lead 
. . 

could occur from the consumption of local garden produce in the area. The growing and 

consumption of local garden produce should be controlled by discouraging and/or 

prohIbiting such activity due to adverse health risk to children and adults. Alternatively, 

the growing of garden produce for consumption may be acceptable in non-contaminated 

soils, if the metals content of contaminated dusts and air particulate matter is controlled. 

7.2.3 Consideration of Sub-chronic Noncarcinogenic Risk 

Sub-chronic and short-term exposures are presented in Sections 5.2 and 6.2.2. Sub­

chronic exposures and consequent intakes could increase health risks in the short term to 

levels well above those estimated for baseline chronic risks. Ingestion of extreme 

amounts of soil and dust during clnldhood (ages 2-6 years), characterized as "pica-typen 

behavior, could yield up to 10 times greater metal intakes than for the typical child. 

These extreme intakes due to soil/dust ingestion could amount to approximately 2 mg Pb/ 

day, resulting in dangerous blood lead increases in young children. ''Pica-type'' behavior 

could present extreme risk to this highly susceptible sub-group of the population, and 

requires control if observed. 

Consumption of local garden vegetables can yield extreme intakes of cadmium, lead and 

zinc. Up to 220 times as much lead can be ingested from the consumption of local 

garden vegetabI~s grown in Smelterville and Kellogg versus that associated with the 

consumption of national market basket variety produce. Children and pregnant women, 

(as surrogates to the fetus) are most' susceptIble to the adverse effects associated with 

consequent lead intakes. Up to 62 times as much cadmium can be consumed in local 

garden produce versus market basket variety produce, thus presenting unacceptable 
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chronic and sub-chronic risk to renal disease (see Section 6.2.1 and Table 6.6). Remedial 

alternatives addressing this activity were presented in Section 7.2.2 

Sub-chronic lead absorption among young children is the most significant health risk 

posed by this site. Multip1e sources and environmental pathways are responsible for 

these absorptions. The principal baseline environmental media sources are contaminated 

soils and dusts. Significantly higher exposures can occur from consumption of local 

garden produce and ltpica_typelf behavior. The major exposure routes for baseline lead 

absorption are: 

• Ingestion of contaminated soils in home yards and other residential 
environs (streets, parks, playgrounds, etc.), 

• - Ingestion of contaminated house dusts that are resultant from tracking of 
residential soils and deposition of airborne particulate, 

• Inhalation and ingestion of airborne particulate matter derived from 
fugitive dust sources throughout the site. 

An effective remedial strategy to reduce the potential for excess absorption on this site 

will have to consider an integrated approach for management of all primary and 

secondary exposure media. 

Establishing cleanup targets for soil and for house dust requires the determination and 

selection of an appropriate blood lead threshold level. The recommended blood lead 

threshold level for children is in the range of 10-15 ",gldl, or possibly lower. In 

performing the baseline, risk assessment 'a dose-response analysis was employed to 

evaluate the relationship between environmental media lead concentrations and blood 

lead levels. Sub-chronic exposures for children to lead contaminated media were 

presented and evaluated in Section 6.22 Projections of the percentage of children 
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expected to exceed various blood lead levels are estimated using the integrated uptake! 

biokinetic dose-response model. The model was validated using historical lead health 

data for several surveys conducted in the area over the last 15 years (see Appendix C). 

The model input parameters developed from the validation exercise for the baseline 

years, 1983 and 1989 (see Section 6.2:2.1 and Appendix C), were employed to develop a 

management matrix for soil!dust lead concentrations that is presented in Table 7.1. 

Table 7.1 was developed using a range of soil/dust lead dose coefficients observed since 

1983 (smelter post-closure) for children =s;: 9 years of age. The lowest community mean 

dose coefficient was observed in 1988 at 11 mg/day and the highest at 14 mg/day for 

1983. Other input parameters to the model included a 5.0 Ilg/day Pb intake for market 

basket food consumption and 5.0 lJ.g/day intake associated with consumption of water 

from the Public Water Supply. Mean air lead uptake is assumed to be the same as 

current levels (0.3 Ilg/day) that was also used in the validation of the model. The soil! 

dust lead levels presented in Table 7.1 are represented as community mean values and 

not cleanup thresholds. 

One difficulty in developing Table 7.1 was selection of the appropriate variance term for 

a post-remediation scenario blood lead response. As a result, Table 7.1 was developed 

by application of a range of empirically derived variance terms and the resultant blood 

lead distributions are presented in a corresponding range. The values used include a low 

geometric standard deviation (GSD) of 1.42 from the second U.S. National Health and 

Nutrition Examination Survey (NHANES II) study and a high of 1.71 observed for 

children ~ 9 years of age in 1989. Additional considerations for predicting future blood 

lead response are provided in Attachment 1 to Appendix C. 

The information provided in Table 7.1 can be used to evaluate remedial alternatives and 

predict community health effects outcomes. Table 7.1 expresses soil and dust lead 

exposures as community mean concentrations that must be achieved to result in the 



Table 7.1 
Mean SoiJ/Dust Lead Concentration (p;gfgm) and Predicted Blood Lead 

Distribntions for Site Children < 9 Years of Age Using the ' 
Integrated Uptake/BiokineticDose-Response Model 

Blood Lead Concentrations Less Than or Equal to: 

Percent Children 
with: 10 }tgfdJ 12.5 ,ugfdJ 15 JtgfdJ 25 pg/dJ 

50% 1.900-2.300 

60% 1,600-2.100 

70% 1,400.1.900 1,800-2,500 

80% 1.100-1.700 l,500-2,200 1.800-2.700 

85% 1,000.1,600 1,300-2,000 1,600-2.500 

90% 800-1,400 1.100-1.800 1.400-2,200 

95% 700-1.200 900-1.600 1,100-1,900 

97.5% 500-1,100 700-1,400 900-1,700 1.600-3,000 

99% 400-900 600-1.200 700-1.500 1,300-2,600 
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predicted blood lead distributions shown. For example, if mean soil and dust levels were 

both reduced to 500 J.Lg/gm, less than 3% of children would be expected to exceed a 

10 J.Lgldl blood lead leveL If both soil and dust levels averaged 1,000 J.Lglgm, as many as 

15% of the children may exceed l0J.Lg/dl blood lead. These community average levels 

can be achieved in a variety of ways. A 500 J.Lg/gm average can be accomplished by 

simultaneously reducing soils and dusts to 500 J.Lg/gm. Alternatively, assuming that 

children's soil/dust exposures are proportioned 70% house dust and 30% yard soils (see 

Section 7 of JEG et al., 1989), mean soils could be reduced to 800 J.Lg/gm and dust 

controlled to 400 J.Lg/gm. 

Achieving these mean environmental levels in the community can also be accomplished 

in differen.! ways. For soils, resultant community mean concentrations depend on: 

• The cleanup level (i.e., all soils greater than the threshold value removed), 

• The replacement soils concentration, and 

• Soil lead levels remaining in non-remediated yards (i.e., those below the 
threshold). 

For interior house dusts, resultant lead levels depend on: 

• The level of cleanup achieved in soils, 

• Level of control achieved in fugitive dusts sources, and 

• Residual contaminant levels in the home. 

Several combinations of these yariables can achieve mean community environmental 

concentrations that result in acceptable blood lead levels. For example, a remedial 

strategy could include the application of a 1,000 p,g/gm residential soil lead cleanup level, 

a 500 p,g/gm house dust cleanup leve~ and a soil replacement and house dust 

maintenance concentration of 200 p,g/gm. Replacing all contaminated soils 

> 1,000 p,g/gm with soils containing 200 p,g/gm results in a mean soil lead concent~ation 
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of 235 p.g/gm and a mean house dust lead concentration of 198 p.g/gm (see Attachment 1 

to Appendix C for determination of future mean soil and house dust lead 

concentrations). The weighted mean soil/dust lead concentration would be approximately 

200 p.glgm. Table 7.1 shows that for children :s; 9 years of age, a mean soil/dust lead 

concentration of 200 /Lglgm WOuld, protect greater than 99% of the children at 

10 JLg Pb/dl blood. According to Table A6.1, approximately 85% of the residential soils 

in Smelterville, Kellogg, Wardner and Page would require replacement at a soil lead 

cleanup level of 1000 p.glgm and approximately the same percentage of home interiors 

requires remediation at a house dust cleanup level of 500 /Lg/gm. 

However, consideration of separate lead cleanup or maintenance levels for soil and dust 

may not be effective. Information presented in Section 5.0 indicates that house dust 

metal concentrations are dependent on, and similar, to those for surface soils~ For 

example, the ratio between mean house dust lead concentration to mean soil lead level 

was 1.0 in 1983 and 0.5 in 1988. Data show that 50·95% of the house dust is due to 

track-in from outdoors and consists primarily of soil and street dust (JEG et al., 1989). 

As a result, in order to assure greatest protection and long-term effectiveness, the lead 

cleanup or maintenance levels established for soil and house dust should be nearly 

equivalent. 

Community mean soil and house dust lead concentrations following remediation are 

dependent on soil and house dust lead cleanup levels, the concentration of replacement , 

soils, and appropriate management of contaminated dusts. Possible strategies for the 

mitigation of baseline lead exposures could include a combinatio~ of remedial activities. 

These would include, but not be limited to: 

• Residential solls removal and replacement, 

• Contaminated house dust removal and interiors maintenance, 

• Fugitive dust source management and control, and 
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• Maintenance of a comprehensive community health/exposure intervention 
program. 

Biokinetic modeling of this population indicates that use of the CDC advisory and EP A­

OSWER directive of 500-1,000 p,g/gm as a threshold cleanup level for soils and dusts 

would yield a blood lead response of less than 10 p,g/dl for 97 to 100 percent of the 

childhood population. This prediction assumes that soil replacement values, of less than 

100 p,g/gm lead could be maintained. 

7.3 Recommendations 

1. Reduce the sub-chronic risk of excess lead absorption to young children and 

. pregnant women on the site. This can be achieved by reducing metals 

concentrations in particular environmental media and restricting access to, or 

stabilizing and preventing migration of, contaminants in other media. 

• The greatest risks to young children are associated with residential yard 
soils and house dusts. Substantial reductions in lead concentrations in 
these media will be required. Alternatives that reduce lead concentrations 
to appropriate levels by implementation of the current 500-1,000 p,g/gm 
lead in soil and dust lead cleanup advisory should be addressed in the 
Feasibility Study. The biokinetic model developed for this site should be 
used to assess potential cleanup parameters for this effort on the basis of 
predicted post-remediation community blood lead distnbutions. This 
should include evaluation of the effects of the following on community 
blood lead distnbutions: 

Concurrent soil and dust cleanup criteria (threshold levels requiring 
remediation), 

Replacement soil criteria, and 

Post-cleanup maintenance level goals. 

• Methods to effectively reduce dust lead loadings in homes should be 
investigated as a focused feasibility effort. 
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2. 

• Particular attention should be given to providing safe gardening locations 
for the production of home produce. Contaminated foodstuffs are < an 
especially significant exposure route to pregnant women ~ well as young 
children. Garden soil lead criteria should be at least as stringent as 
residential yard requirements. 

• Airborne contaminant transport of particulates and subsequent deposition 
should be reduced substantially. This can be achieved by stabilizing fugitive 
dust sources throughout the valley through appropriate cover or removal 
techniques. These alternatives should be investigated in focused feasibility 
efforts and implemented in conjunction with application of soil and dust 
remedies in the Populated Areas. Priority should be given to high lead 
concentration and high lead emission rate Sources in proximity to .the 
Populated Areas. Current metals deposition rates are excessive and should 
be reduced in order to: 

EUmjnate direct exPosure to these highly concentrated dusts, 

Reduce accumulation of these materials in homes and surtace soils 
in the community, 

Prevent excessive deposition on home-grown produce in loCal 
gardens, and 

Protect applied soil remedies from recontamination. 

• Contaminants from commercial properties, roadsides, and the railroad 
right-of-ways and fugitive dust sources should be stabilized, restricted from 
access or removed. These areas have extremely high metals levels and 
represent a direct contact hazard to young children, as well as being 
primary sources of fugitive dust to populated receptor areas. These 
alternatives should be investigated in focused feasibility studies and 
implemented in conjunction with soil and dust remedies. 

Decrease carcinogenic risk to the general population by reducing airborne 

exposures to arsenic and cadmium and prohibiting the use of local groundwater as 

a drinking water source. 

• Airborne arsenic and cadmium concentrations can be reduced by stabilizing 
fugitive dust sources throughout the valley through appropriate cover or 
removal techniques. These alternatives should be investigated in 
conjunction with Recommendation 1. Particular attention should be given 
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4. 

to high arsenic and cadmium concentration sources in proximity to the 
Populated Areas, especially those within the smelter complex and Central 
Impoundment Area (CIA). -

• Groundwater consumption can be prevented by disallowing the use of this 
resource for potable water. Alternative supplies should be investigated as a 
Feasibility Study effort in the Non~populated Areas RIIFS. 

Reduce risk to chronic and sub~chronic noncarcinogenic disease. The principal 

sources of excess noncarcinogenic risk are potential incremental activitie~ involving 

consumption of garden produce, "pica~type" behavior in children, and potential use 

of local groundwater as a potable supply. These risks can be minimized by: 

• Implementing the recommendations regarding gardens suggested above, 

• - Making health professionals aware of the special risks associateq with pica 
in this area, and 

• Investigating substitute potable water supplies for the area. 

The latter should be undertaken as a feasibility study effort in the Non~populated 

Areas RIfFS. Other potential incremental exposures associated with activities in 

the Non-populated Areas should be addressed in the Non~populated Areas 

Baseline Risk Assessment . 

Develop institutional controls to ensure maintenance of remedial goals. Because 

many of the recommendations include continued management of toxic materials 

on site and health awareness programs, remedial alternatives may include the 

fonowing components in a comprehensive management plan: 

• In-situ stabilization techniques employing cover, barrier and access 
restriction strategies, and 

• Legal and institutional controls to ensure adequate maintenance and 
compliance, including monitoring for determination of long~term 
effectiveness of ponution management and control. 
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Institutional mechanisms to meet these needs should be investigated in concert 

with the remedial alternatives in feasibility study efforts. The continued need for 

some level of lead health and intervention programs should be reevaluated as 

remediation and source control efforts proceed. 
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Appendix A 

This Appendix contains additional tables and graphics referred to in the text of the 
report. 

Table and Figure numbers correspond to the respective sections of this document. 
Dividers are found between sub-sections as follows: 

Appendix Al - List of DSRs and DERs 
Appendix A2 - Material referenced in Section 2 
Appendix A3 - Material referenced in Section 3 
Appendix A4 - Material referenced in Section 4 
Appendix AS - Material referenced in Section 5 
Appendix A6 - Material referenced in Section 6 
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Table AI.I (Page 1 of 3) 

Bunker Hill Nonpopulated Areas RI/FS 
Project Deliverables 

.' 

Task No. Description 

o Determination of Contaminants of Concern 

068-17011 Data Evaluation Report 

1 Soils and Surficial Materials Investigation 

2 

098-1303 Data Evaluation Report--Soils and Surficial Materials 
Investigation 

157-13060 Revised Tech Memo: Hmside SoH Loss Evaluation Draft 
Responses 

Surface Water Investigation 

104-2920 Tech Memo: Aquatic Biology: Preliminary Data 
Interpretation #1 

142-29300 Data Evaluation Report--Aquatic Biology Addendum 

157-26030 Tech Memo--Revegetation Runoff 

169-27110 Data Evaluation Report--Surface Water 

.. - -

Date 

11/23/88 

11/02/88-

05/11/90 

11/01/88 

05/09/90 

08/10/89 

05/09/90 

-.- -



Task No. 

Table At.t (Page 2 of 3,) . 
Bunker Hill Nonpopulated Areas RIIFS 

Project DeJiverabJes 

Description 

3 Groundwater Investigation 

134-37070 Final Hydrogeologic Assessment 

180~37320 Mode] Protocol Report 

188-37100 DER--Final Hydrogeologic Assessment 

, 4 Air Investigation 

193-45030 Model Evaluation Study Report 

5 Vegetation & Terrestrial B~olos.x Investigation 

160-54030 Data Evaluation Report .... Veg. Growing Conditions 
Analysis 

168-59160 Data Evaluation Report .. -Terrestrial Biology Responses to 
EPA Comments ' 

6 Central Imeoundment Area Investigation 

164-64110 Data Eval. Report· .. Pinal CIA Data Evaluation 

- - .... .. - t. - - - -I -

Date 

07/13/90 

05/09/90 

06/21/90 

08/03/90 

05/14/90 

05/16/90 

OS/21/90 

- -
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Table At.t (Page 3 of 3) 
Bunker Bill Nonpopulated Areas RIIFS 

Project Deliverables 

Task No. Description 

7 Page Pond Investigation 

167-74090 Data Evaluation Report~-Page Pond 

167· 74090 Addendum 

8 Bunker Ltd. Shelter Complex Investigation 

179·86510 Data Evaluation Report~-Integrated Data Evaluation 

9 Remedial Investigation Report 

-92000 Draft RI Report Outline 

12 Screen Remedial Technology 

195-122150 Initial Feasibility Study 
Letter w/corrections 

13' Focused Feasibility Study, 

.. 

186-134110 Onsite Waste Repository Selection Study Initial Evaluation 
of Alternatives 

BOrrmI019,Sl/Ilm . 

- -

Date 

08/22/89 

08/14/90 

09/17/90 

03/23/89 

08/14/90 

06/25/90 

~- -



Table Al.2 
Bunker Hill Populated Areas RIfFS 

Data Summary Reports 

Document Number Description Date 

BHP A-RSL-F-RO-030690 Residential Soil and Litter March 1990 
Data Summary Report 

BHP A-SCDSR-D-RO-051890 1987 Soil Cores Data May 1990 
Summary Report 

BHP A-DSR87 AF-F-RO-070990 Data Summary Report: 1987 July 1990 
Air Filters 

BHP A-FDS-F-R2-083190 Fugitive Dust Source Data August 1990 
Summary Report 

BHP A-PIIRI-F-RO-091790 Phase II Remedial September 1990 
Investigation Data Summary 
Report 
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TableA2.1 

I 1989 Fast-Track Sampling-Laboratory Arsenic Data 
(All data in mg/kg) 

{' Wardner School Corel Corel Core 3 

Litter 7.7 13.1 13.3 

0- to 1-inch of soil 7.7 7.7 9.5 

I Middle offill 7.0 8.2 7.6 

Bottom of fill 11.3 11.5 11 

I Top of cut 125 . 77 74.4 

Wardner SdtOOI ParIdng Lot 

I 
0- to l-indl of soil 11.6 10'& 10.3 

Middle of fill 12.4 10.1 65.1 

BottomoffiU 10.7 14.2 63.3 

I Top of cut 54.6 109.0 71.4 

Teeters P'ieW 

I' 0- to I-inch of soil 2.7 2.2 3.9 

Middle of fiU 4.6 3.3 2.2 

I 
Bottom of fill 2.4 4.4 5.8 

Top or cut 56.0 105.0 142.0 

Memorial Park Planround 

Ie Litter • 6.7 • 
0- to l-inch of soil 2.6 2.1 1.9 

I, Middle of fill 3.0 4.1 1.7 

Bottom of fill 7.5 3.0 4.1 

Top of cut 50.1 17.7 28.1 

I. Sme1tenUle City Park 

Bark 16.8 20.7 3.3 

I'~ MiddleoffiU 12.1 13.3 9.9 

Bottom of fill 12.1 14.4 13.4 

[ 
Top of cut 48.1 71.3 104.0 

'. Little League Field 

0- to l-inch of soil 4.2 3.3 4.6 

I~ Middle of fill 2.6 2.8 3.1 
~ 

BonomoffiU 2.9 3.0 3.S 

I Top of cut 14.1 19.8 34.3 

I ·No litter present. 

~~ , 

I· 
I 

Bom90i033.5Ljai 



Table A2.1 (Continued) 
I989 Fast-Track Sampling-Laboratory Cadmium Data 

(AlI data in mgfkg) 

Wardner School 0-1 CoreZ 

Utter 1.2 1.6 

O-lO I·inch or soil 1.8 1.1 

MiddleofmI 1.4 .86 

BouomofmI .67 .36 

Top of cut 7.8 7.1 

Warduer School Pal'kbag Lot. 

0- to I·inch of soil 1.6 1.9 

MiddleoCmI .79 .78 

Bottom of fill .64 .49 

Top of cut l3.2 33.0 

=l"edel'S FIeld 

0- to l-indl of soil .55 .67 

MiddleofmI .69 .36 

BottomoCmI .97 2.0 

Top of cut lS.6 8.8 

Memorial Park PIa.n:rowm 

Litter • 1.9 

0- to 1-inch of soil .36 .38 

MiddleofmI .86 .ss 
BottomofmI 1.9 .64 

Top of cut 7.0 4.4 

SmtItemIIe Park 

Bart: 5.0 10.7 

MiddleofmI .88 .81 

Bottom of tiD l.9 2.6 

Top of cut 30.6 99.6 

lJtOe I..eape FIeld 

0- to I·inch of soU .84 9S 

Middle of fiB .39 .56 

Bottom of fiB .8Z 2.S 

Top of cut 7.5 14 

-No litter pn:sent. 

Core 3 

1.0 

.81 

.81 

.86 

4.7 

1.5 

7.4 

1.1 

1.3 

.52 

.36 

2.9 

17.6 

• 
.36 

.41 

.36 

17.1 

4.2 

1.1 

3.0 

23.4 

.63 

.41 

3.2 

7.6 

I 
I .. 
I 
I 
I 
I 
I 
I 

el-
I 
I 
I 
I 
I 
I 
I"" 

e' I 
"li' It 

-j 
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I Table M.l (Continued) 

f' 1989 Fast-Track Sampling-Laboratory Zinc Data 
(All data in mgIkg) 

Wardner School Corel Core 2 Core 3 

I 
Utter 81 157 157 

f).. to l·inch of soil 191 73 83 

Middle of fill 75 66 80 

I Bottom. of fill 103 78 102 

Top of cut 1,360 1,090 839 

I Wardner School ParkIag tDt 

0.. to l·inch of soil 836 904 152 

Middle of fill 78 56 1.620 

I Bottom of fill 66 57 1,740 

Top of cut 2,850 6,310 482 

I' ..Teeters FIeld 

0.. to l-inch of soil 56 74 66 

I Middle of fill 58 49 47 

Bottom of fill 115 194 212 

Top of cut 1,390 1,180 2,370 

Ie Memorial Park PlaygrollDd 

Utter • 167 .. 

I, 0- to l·inch of soil 67 56 49 

Middle of 6J1 57 49 42 

I,: Bottom. of fiB 98 52 51 

Top of cut 361 142 304 

SmeltenUle City Park 

I.: Bart 490 1,050 581 

Middle of fiB 53 SO 66 

I Bottom. of 6J1 149 126 127 

Top of cut 2,280 4,340 1,120 

~ 
UUJe lague FIeld 

0- to l-inch of soil. 63.4 61 69 

Middle of fiB 52S 33.4 34.7 

I ~ 
Bottom of fiB 64 22S 109 

Top of cut 753 1,260 642 

I • No liner present. 

t.' BOm90,4)3S.51~ 

I '. 
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Table Al.l (Continued) I 1989 Fast-Track Sampling-Laboratory Lead Data 

(AD data in mgIkg) .. WlU'duer Sc:hool Con 1 Conl Core 3 

I.Jm:r 114 23S 71 

0- to l·inch of soH 22 41 43 I' 
Middle of fill 57 42 32 

Bottom of fiJI 143 56 22S 

I Top of eut 2S,lOO S,330 3,500 

WanlDel' Sc:hool Parfdng Lot 

0- to l-inch of soH 369 87 100 I 
Middle of fiJI 74 18 3,170 

Bottom of fill 2M 71 4,230 

·1 'Topofeut 2,850 4$SO Q03 

TeefmJ :rteJd 

0- to l-inch of soil 22 77 43 I 
Middle offill 34 52 9 

Bottom of fill 120 188 373 I 'Top of cut 4,130 S.soo 8,350 

Memorial Park Playground 

eI I.Jm:r .. 173 '" 
0- to I·inch of soil 25 26 15 

,,".,,,,+ 

Middle of fill 10 10 9 I 
Bottom of fill 324- 2S 26 

Topofeut 1,770 r1S S09 I SmeJIerriJJe City Park 

Bart 552 1,020 4S9 

I Middle of fill 403 19 32 

Bottom of fill 128 148 169 

Top of eut 3,510 4,910 4,410 I 
IJttIe !.ape FJdd 

0- to l-inch of soil 47!J 513 34 I Middle of fill 23.0 7.6 9.4 

Bottom of fiD 19.2 IS.1 39.8 

I Topofeut m 2,040 1.760 

"~ 

"'No litter present. I 
BOm90ftJ030.51@i -. 
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TableAU 
Organlca and Mettul)' nata SummaI)' Slatlsiltll fo·r Residential SoIls 

Smeitenllle 
Concentrallon (l1&1am, dty wL) 

Arlthinetlc Geometric 95 Samples Total 
Element Mean MedlIn Mean Pen:entJle MInimum MaxImum Over IDL ~ 

Di·n-Butylphlhalate 7SS 765 670 '110 <1100 1 10 

bis(2-Bthylhexyl)Phthalatc 1053 795 934 <710 3100 10 

Benzo(b)Fluoranthene 789 740 774 510 <1100 1 10 

MereuI}' 5.31 4.05 3.58 0.47 12.6 10 10 

4,4'·DDT 80S 390 183 <5 4600 9 10 

Chlordane 15922 3275 3689 184 81500 10 10 

4,4'·DDD 131 53 49 <5 590 9 10 

4'4'·DDB 222 2S 43 4 1140 9 10 

DDT, 0, p'- 62 6 17 2 340 8 9 

Heptachlor Bpoxlde 110 22.9 32 3 550 9 10 

Toxaphene 3021 22S 391 <88 25300 4 10 

PCB·t260 43 44 37 <10 <90 10 

PCB·1254 S5 4S 49 <20 <t20 2 10 

Note: All statistical calculations were conducted using detection limits as actual values. 



Table AU (Continued) 
0._ uti Men:u.., Datil Summa.., Stlltlstkl 'or Rahlenttat SoIls 

Kellolll 
Concentration (",rlant, d.., wt) 

Arithmetic Gtometrle 9$ Samplts Total 

Element Mean M~an Mean Percentile Minimum Maximum Over IDL ~ -
Hexacblorocyclopenladlenc 835 790 821 1200 <670 <1200 34 

1 

Dimethyl Phthalate 8llt 790 819 1200 530 <1200 34 

Phenanll1rene 693 785 514 1200 Z4 <1200 8 34 

Di.n·8ulylpbthlllatc 637 770 463 1200 55 <1200 11 32 

Fluoranlhene 56S 730 384 1200 40 <1200 12 33 

Pyrene 614 770 411 1200 24 <1200 9 28 

BUlylbenzylpbtbalate 812 790 781 1200 ISO <1200 2 34 

Benzo(a)Anthracene 808 825 751 1200 110 <1200 2 28 

bis(2.EthylhtJL)'I)Phtbalate 759 770 670 1200 120 2300 11 31 

Chryscne 779 790 717 1200 91 <1200 3 31 

Bem:o(b)F1uoranthene 889 82S 863 1500 450 <1800 2 34 

Benzo(a)pyrene 781 800 694 1200 91 <1200 3 30 

Indeno(1.2,3-cd)pyrene 831 816 812 1200 300 <1200 29 

Mercury 2.71 2.58 2.32 5.25 0.61 8.83 34 34 

4,4'·ODT 1461 107 194 10000 <4 14000 32 34 

Chlordane 5174 405 436 25000 <15 39300 23 34 

4,4'·ODO 199 6 9 770 <0.7 5100 11 34 

4'4'D08 367 ~ 67 2200 <4 3200 31 34 

DOT,o, pt, 202 12 20 1100 <0.7 3220 22 33 

Heptachlor Eputlde S6 20 17 110 <1 190 2 1 

Toxaphene S392 100 253 73800 <69 85500 7 34 

PCB-1260 69 47 46 210 <10 220 23 34 

PCB·1254 164 lOS 106 480 17..8 <SOO 25 34 

PCB·1242 44 20 26 200 <10 <480 33 

Note: AJlstatistical calculations were conducted using detection limits as actual values. 

• .. J. -II~; - - - - - - - - - - - - - - -
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Table Al.2 (Contlnued) 
Organks and MereuI)' nata SummaI)' Stallstlcs for Residential Soli!! 

Wardner 
Concentration (p.gfgm, dl')' wt.) 

ArlChmeHc Geometric '5 Samples Tolal 
Element Mean Median Mean Percentlk Minimum Maximum OvulDL Sl1lmples 

Benzoic Acid 3130 3600 2600 1480 <3900 1 6 

Naphthalene 646 140 405 10 <840 1 7 

Phenanthrene 431 300 281 35 <800 3 5 

Di-n-Butylphthalate 651 145 538 96 <840 1 6 

Fluoranlhene 431 310 276 <47 <800 3 ? 

Pyrene' 378 360 265 <53 <740 2 4 

Benro(a)Antbracene 674 750 593 130 <840 1 7 

bis(2·Elhylhexyl)Phthaiale 759 750 697 260 1300 2 7 

Chrysene 596 740 516 160 <800 2 7 

Benzo(b)F1uoranthene 711 740 701 470 <840 1 7 

Benzo(k)F1uoranthene ,569 710 463 93 <800 2 6 

Benzo(a)Pyrene 587 740 487 110 <800 2 7 

Mercury 1.00 0.96 1.02 0.30 4.25 7 7 

4.4'-DOT 2329 16 53 4 14900 7 7 

Chlordane 5180 21 148 <10 32000 6 7 

4.4'·DOD 280 3 7 <1 1890 4 7 

4,4'-00E 584 7 24 2 3700 7 7 

DDT, 0, p'- 581 1 8 <1 4000 4 7 

Heptachlor Epoxide 67 1 7 <1 290 4 7 

Toxaphene 12609 100 272 <80 87600 7 

PCB·1260 41 10 19 <10 <200 7 

PC8-1254 S9 16 31 <10 <200 4 7 

Note: All statislkal calculations were conducted using detection limits as actual values. 



Element 

bls(2-Ethylhexyl)Phlhalale 

ArIthmetic 
Mean 

12061 

Table AU (ConUm.ed) 
Otaanll!l tm4 Merelu)' Dahl Summa., StaUsties lor Reslden ... l SoIls 

Page 

Mediad 

9150 

Concenttatlon (IlWSIhj d., we.) 

GeomtCrlc 
Mean 

10517 

95 
PertentllCl .. ~ 

Minimum 

Note: All statistical calculations were conducted using detection Iimils as actual values • 

- - - - - - .. - - -

Maximum . 

-

Samples 
Over IDL 

6 

- -

TollIl 

~ 
6 

.1'- -
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Table AU (Continued) 
Organics anti Mel'tul)' Data SummaI)' Statlstks to,r ResWenllll1 Soils 

Pluehul'llt 
Concentration (IlWgm, dl1 wI.) 

Arithmetic Geometric 95 Samples Total 
Element Mean Median Mean Percentile MInimum Maximum OverIDL ~ 

Benzyl Alcohol 580 750 448 l 88 <790 7 

Dimethyl Pbthalate 660 150 555 88 <800 7 

Oi-n-Butylphthalate 415 290 280 93 <800 4 7 

Auoranlhene 581 750 463 130 <800 2 7 

Pyrene 663 150 572 130 <800 1 6 

BUlylbenzylphthalate 714 750 705 470 <800 7 

bis(2-Elbylhexyl)Phthalate 629 750 5SO 270 <790 2 7 

Benzo(b )Auoranthenc 191 770 787 <690 1000 7 

Mercury 1.53 1.39 1.31 0.38 3.28 7 7 

4,4'·DDT 26 16 14 2 92 7 7 

Chlordane 791 32 101 <10 3600 6 7 

4,4'·00D 6 2 3 <1 15 4 7 

4,4'·ODE 30 5 10 3 99 7 7 

DDT.o,p'. 8 2 3 <1 46 3 7 

Heptachlor Epoxide 133 1 11 <1 550 3 7 

Toxaphene 110 100 108 <86 150 7 

PCB-l260 19 16 16 6.2 34 S 7 

PCB·1254 19 10 16 <10 39 2 7 

Note: All IIlatl$tical calculations were conducted using detection limits as actual values. 



Table A2.2 (Continued) 
O .... nles ..... Mert'IUY Da .. SummllJ7 Stallstka tor Re.ldenU •• Sollll 

E1lubelh Park 
Concentration ( ... &llIm, dl1 wt.) 

Geometric 95 sample, Total 
ArUhmedc Over 101. SImples 

Medilln Melin Pen:enUle Minimum Maximum 
Element Melln 

7946 6700 11000 6 7 
bis(Z-Slbylllexyl)PhtbalaIC 9086 9600 

2.041 130 <:3400 t 7 
Oi.N.Oc\y1 Phthalate 2790 3200 

1551 553 102 3000 2 2. 

4.4'·ODT 1551 

139 <0.21 10000 1 7 

Chlordane 1584 220 

148 29 160 2 2 

4.4'.006 395 395 

159 21 1200 2 2 

ODT,o, p'. 611 611 

1228 <2.1 45000 1 7 
'l'oxaphenc 1957 2100 

21 <20 <23 1 6 

0, p'/pp DDT analogs 22 22 

Note: All statistical calculations were conducted ullinl detection limits as actual values. 

B0IT790J026.51Ijme 

- - - - - - _t. - - - - - - .1'- -
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Table A2.3 
Fugitive Dust Source Metal Concentrations Summary 

Summary of Antimony Statistics by Potential Source Area 

I 
Average 

Source Std. Passing Number 
Area High Low Average Median Dev. 200 Mesh of 

Number Description (mfVkg) (mfVkg) (mgIIcg) (mg/kg) (mglkg) (percent) Samples 

6 Vacant Lot West Mineral Subdivision North 115 51.0 81.9 85.0 22.7 15.1 8 
Side 

7 Undeveloped Area Near the Junior High School 6.40 3.90 5.05 4.30 1.0 26.0 4 

11 Area Near Shoshone Apartments West Side 134 89.0 110 105 13.0 27.9 8 

12 Water Treatment Plant 222 154 180 165 25.8 22.0 4 

13 Concentrator West Parking Lot 9,840 3,030 5,720 4,140 2,590 30.3 4 

16 CIA North Beaches 117 14.0 41.0 32.0 27.4 50.8 20 

18 Bunker Creek Corridor West End 184 30.0 90.0 56.0 47.9 30.6 12 

19 West Side Old Homesite Area 276 18.0 111 35.0 94.9 47.4 8 

20 Old Gypsum Pond West Side 342 18.0 207 211 115 17.5 8 

21 Gypsum Pond West End 107 2.20 26.4 6.00 33.2 30.3 12 

25 Slag Pile West Side Area 329 20.0 82.7 39.0 96.1 15.3 12 

33 Outdoor Theater Area East Central 250 14.0 74.3 36.0 81.8 17.9 8 

34 Airport Area East End 76.0 28.0 42.2 39.0 11.2 28.7 24 

38 Smelterville Corridor·-East of Forest Products 160 37.0 64.4 56.0 26.8 33.2 16 

39 River Channel East Aats 25.0 13.0 19.1 18.0 3.43 5.92 12 

44 Page Pond Dikes 19.0 6.20 9.13 7.70 3.43 67.8 12 

46 West Page Swamp East End 12.0 8.50 10.9 11.0 1.43 56.5 4 

G:!: Confidential 58.0 14.0 33.5 17.0 12.5 14.0 8 

BOIT7901021.51~al 
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Table A2.3 (Continued) 
Fugitive Dust Source Metal Concentrations Summary 

Summary of Arsenic Statistics by Potential Source Area 

) 
Average 

Source Std. Passing Number 
Area HIgh Low Average Median Dev. 100 Mesh or 

Number DescrlptJon (mg/kg) (mgIkg) (mg/kg) (mglkg) (mglkg) (percent) Samples 

6 Vacant Lot West Mineral Subdivision North 328 153 250 226 54.8 15.1 8 
Side 

7 Undeveloped Area Near the Junior High 67.1 59.8 63.9 65.5 2.76 26.0 4 
School 

11 Area Near Shoshone Apartments West Side 358 130 235 241 74.S 27.9 8 

12 Water Treatment Plant 1,660 1,000 1,180 1,010 279 22.0 4 

13 Concentrator West Parking Lot 12,600 6,530 9,530 8,400 2,280 30.3 4 

16 CIA North Beaches 1,500 154 692 560 389 50.8 20 

18 Bunker Creek Corridor West End 780 223 450 395 158 30.6 12 

19 West Side Old Homesite Area 1,190 103 449 182 353 47.4 8 

20 Old Gypsum Pond West Side 767 156 S57 665 200 17.5 8 

21 Gypsum Pond West End 909 3.00 188 7.90 290 30.3 12 

2S Slag Pile West Side Area 1,240 119 463 399 307 15.3 12 

33 Outdoor Theater Area East Central 633 69.6 226 200 185 17.9 8 

34 Airport Area East End 391 82.0 223 202 83.6 28.7 24 

38 Smelterville CorridornEast of Forest Products 548 116 210 149 130 33.2 16 

39 River Channel East Flats 649 131 302 276 146 5.92 12 

44 Page Pond Dikes 409 78.0 202 =151 93.0 67.8 12 

46 West Page Swamp East End 120 85.0 107 106 13.4 56.5 4 

ZoneB Confidential 337 98.0 184 157 86.9 14.0 8 

e BOIT190/028.S1~al - -- - - - - - e - - - - - - - .#- -I ill' 
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Table A2.3 (Continued) 
Fugitive Dust Source Metal Concentrations Summary 

Summary of Cadmium Statistics by Potential Source Area 

Average 
Source I Std. Passing Number 
Area High Ww Average Median Dev. 200 Mesh of 

Number Description (mg/kg) (mglkg) (mglkg) (mglkg) (mglkg) (percent) Samples 

6 Vacant Lot West Mineral Subdivision North 53.0 21.0 30.8 24.8 11.5 15.1 8 
Side 

7 . Undeveloped Area Near the Junior High 20.0 13.8 17.1 16.6 2.27 26.0 4 
School 

11 Area Near Shoshone Apartments West Side 94.0 31.2 47.8 40.0 18.3 _ 27.9 8 

12 Water Treatment Plant 1,030 747 944 999 114 22.0 4 

13 Concentrator West Parking Lot 16,100 1,060 11,100 12,500 5,950 30.3 4 

16 CIA North Beaches 175 7.20 45.2 28.0 39.6 50.8 20 

18 Bunker Creek Corridor West Bnd 321 17.0 123 61.0 98.3 30.6 12 

19 West Side Old Homesite Area 573 25.0 178 28.0 185 47.4 8 

20 Old Gypsum Pond West Side 260 31.0 186 213 80.2 17.5 8 

21 Gypsum Pond West End 87.0 4.40 24.4 ~.80 29.4 30.3 11 

25 Slag Pile West Side Area 838 12.0 192 62.0 238 15.3 12 

33 Outdoor Theater Area Bast Central·· 156 9.40 56.7 61.0 51.1 17.9 8 

34 Airport Area East End 133 18.4 49.0 44.0 31.3 28.7 24 

38 Smelterville Corridor··Bast of Forest 121 35.0 69.3 66.0 18.8 33.2 16 
Products 

39 River Channel East Flats 36.0 21.0 27.8 27.0 4.15 5.92 12 

44 Page Pond Dikes 48.0 21.0 38.7 39.0 6.24 67.8 12 

46 West Page Swamp Bast End 17.0 7.60 11.3 9.50 3.52 56.5 4 

ZoneB Confidential 100 32.0 50.3 42.0 21.0 14.0 8 

801T790/029.51nai 



Table A2.3 (Continued) 
Fugitive Dust Source Metal Concentrations Summary 

ImlU8ry of (;opper Statistics by Potential Source Area 

Sourte 
.Area 

Number Descriptlon 

6 Vacant Lot West Mineral Subdivision 
North Side 

7 Undeve10ped Area Near the Junior High 
School 

11 Area Near Shoshone Apartments West 
Side 

12 Water Treatment Plant 

13 Concentrator West Parking Lot 

16 CIA North Beaches 

18 Bunker Creek Corridor West End 

19 West Side Old Homesite Area 

20 Old ..... ~.- Pond West Side 

21 Oypsum Pond West End 

25 Slag Pile West Side Area 

33 Outdoor Theater Area East Central 

34 Airport Area East End 

38 Smelterville Corridor··East of Forest 
Products 

Hlah 
(mglkg) 

663 

94.0 

613 

4,420 

36,200 

1,640 

2,090 

3,930 

1,210 

1,660 

896 

664 

583 

Low .... 

277 

82.0 

435 

3,080 

11,400 

65.0 

213 

156 

253 

8.00 

160 

125 

244 

259 

39 River Channel East Flats 209 155 

44 Page Pond Dikes 161 SO,O 

46 West Page c<._~ East End 2,790 2,310 

1 
Average 
,- .... 
\~glauJ 

450 

87.8 

538 

3,770 

19,200 

313 

829 

1,330 

871 

355 

731 

373 

364 

404 

185 

114 

2,470 

315 

-

440 

84.0 

539 

Std. 
Dev. 

(malka) 

134 

4.92 

51.8 

477 

12,600 10,000 

131 388 

580 518 

212 1,300 

897 319 

31.0 543 

808 392 

245 270 

326 91.6 

406 99.2 

184 14.5 

94,0 31.1 

2,360 188 

320 60.3 -.- -

Average 
Passing 

lOOMesh 
I. .'" \.,.. ...... uJ 

15.1 

26.0 

27.9 

22.0 

30.3 

50.8 

30.6 

47.4 

17.5 

30.3 

15.3 

17.9 

28.7 

33.2 

5.92 

67,8 

56.5 

14.0 

-

Nnmber 
of 

Samples 

8 

4 

8 

4 

4 

20 

12 

8 

8 

12 

12 

8 

24 

16 

12 

12 

4 

8 

- -
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Table A2.3 (Continued) 
Fugitive Dust Source Metal Concentrations Summary 
Summary of Lead Statistics by Potential Source Area 

Average 
Source 

1 Std. Passing Number 
Area High Low Average Median Dev. 200 Mesh of 

Number Description (mg/kg) (mglkg) (mglkg) (mg/kg) (mglkg) (percent) Samples 

6 Vacant Lot West Mineral Subdivision 26,600 13,400 19,900 17,400 4,230 15.1 8 
North Side 

7' Undeveloped Area Near the Junior High 2,500 1,160 1,810 1,670 482 26.0 4 
School 

11 Area Near Shoshone Apartments West 68,400 30,900 49,100 44,300 12,500 27.9 8 
Side 

12 Water Treatment Plant 48,700 40,000 43,400 40,100 3,620 22.0 4 

13 Concentrator West Parking Lot 252,000 212,000 232,000 223,000 15,700 30.3 4 

16 CIA North Beaches 25,300 117 5,530 2,890 6,600 50.8 20 

18 Bunker Creek Corridor West End 42,400 10,300 19,300 14,100 9,850 30.6 12 

19 West Side Old Homesite Area 47,500 6,560 21,100 12,300 12,800 47.4 8 

20 Old Gypsum Pond West Side 85,800 8,050 62,000 69,000 27,300 17.5 8 

21 Gypsum Pond West End 10,900 78.0 2,160 309 3,390 30.3 12 

25 Slag Pile West Side Area 18,200 1,370 10,700 11,200 4,990 15.3 12 

33 Outdoor Theater Area East Central 15,900 2,950 9,190 14,900 3,830 17.9 8 

34 Airport Area East End 28,200 11,100 15,500 15,000 3,510 28.7 24 

38 Smelterville Corridor--East of Forest 32,700 11,600 19,800 17,700 6,070 33.2 16 
Products 

39 River Channel East Flats 6,310 3,970 5,340 5,230 644 5.92 12 

44 Page Pond Dikes 6,550 2,560 4,350 3,890 1,170 67.8 12 

46 ~est Page Swamp East End 6,000 3,850 4,710 4,410 793 56.5 4 

ZoneB Confidential 25,400 9,690 15,100 14,800 4,510 14.0 8 
:JUI'l/'JIJ(U-'l.;J ll31 



Table Al.3 (Continued) 
Fugitive Dust Source Metal Concentrations Summary 
Summary of Zinc Statistics by Potential Source Area 

Source Std. 
Area High Low A,lerage Median Dev. 

Number Description (mglkg) (mWkg) (mglkg) (mglkg) (mg/kg) 

6 Vacant Lot West Mineral Subdivision North 5,920 3,490 4,520 4,120 910 
Side 

7 Undeveloped Area Near the Junior High School 1,140 518 781 660 231 

11 Area Near Shoshone Apartments West Side 11,000 4,200 6,890 6,430 1,830 

12 Water Treatment Plant 21,800 13,800 18,900 19,800 3,020 

13 Concentrator West Parking Lot 41,900 16,400 35,100 40,700 10,800 

16 CIA North Beaches 18,100 662 6;560 4,070 4,820 

18 Bunker Creek Corridor West End 529,000 4,170 53,700 8,530 143,000 

19 West Side Old Homesite Area 15,300 1,080 6.440 5,760 5,340 

20 Old Gypsum Pond West Side 11,600 1,480 8,670 9.470 3,720 

21 Gypsum Pond West End 5.690 99. 1,290 566 1,630 
0 

25 Slag PUe West Side Area 59,700 5,090 21,800 16,400 16,100 

33 Outdoor Theater Area East Central 5,990 1,330 3,460 2,810 1,700 

34 Airport Area East End 13,100 2,860 6,050 4,340 2,960 

38 Smelterville Corridor-East of Forest Products 12,000 4,510 8.120 7,650 2,130 

39 River Channel East Flats 4,560 2,070 2,910 2,560 814 

44 Page Pond Dikes 6,120 2,950 4,260 4,100 922 

46 West Page Swamp East Bnd 2,250 966 1,420 1,080 503 

ZoneB Confidential 13,700 4,150 7.290 6,770 3,420 

e BOIT790!032.S1/jms - - - --,·i " - - - -'- - - - - -, , 

Average 
Passing Number 

ZOO Mesh of 
(percent) Samples 

15.1 8 

26.0 4 

27.9 8 

22.0 4 

30.3 4 

50.8 20 

30.6, 12 

47.4 8 

17.5 8 

30.3 12 

15.3 12 

17.9 8 

28.7 24 

33.2 16 

5.92 12 

67.8 12 

56.S 4 

14.0 8 

- .1'- -
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TABLEAl.4 

Extreme TSP Days .. Meteorological Particulate, 
and Metals Summaries 1987-89 

- - - ---
APPENDIX A4.1 • EXtREME rsp DAYS WEAtHER AND PARtICUlATE SUMMARIES 

15-Jul-87 
\leather SU1I1l8fY 

Hours \IS 

13 14.64 
14 17.34 
Hi: 11-.94 
10 15.90 
17 15.22 
16 12.26 
19 9.15 
20 6.41 

Particulate Summary 

TSP 

Sllll1'ler ug/1IIl 
............... 

-1 271 
'2 347 
-3 325 
-4 346 
-5 381 
-6 324 
-7 387 
-8 402 
-9 331 

9 StltlQrl 'Sf. '..2 
'~·f" , 

1 • Plnehurlt SchooL 4 • Mine Tidler c~ 
2 - Smelterville Sewege Lagoon 
3 • Silver King school 

5 • Drive-In Theatre/Truck Stop 
6 • KellOgg vlaftora Center 

wo WOsto 

255.80 14.62 
256.00 13.39 
:!!!.~ ~~ !~ 

Dally Precip 0.00 
3 Day Precip 0.00 
I. t'1'!.' Preci. a.lC 

254.50 15.28 Daily Avg. \IS 6.95 
263.50 13.71 DaUy AvO. W 261.69 
244.50 13.95 a-Hour Avg. \IS 1l.2l 
237.40 14.11 6·Hour Avg. W 250. U 
236.20 12.83 

AS As Cd rd Cu Cu Fe 
ug/N ppa ug/N pp1I ug/N pp1I UII/Iftl 

Fe 
ppII 

7 • Kellogg Middle School 
8 • Mfneral subdivision 
9 • Shoshone Apartments 

Pb Pb 140 
ug/llll ppIII ug/lftl 

Mn 
ppnI 

• •••••••••••••••• _._._._ •••• _ ••• _.~ •••• _ •••• __ • ___ •• _~_ ••••••••••••••••••••••• - ____ •• ____ •••••••••• _0 ••• 

0.1\1 20 O.1lO (. 0.07 275 4.73 17443 0.04 166 0.10 361 
0.02 49 0.00 11 0.07 213. 9.19 26471 0.87 2521 0.41 1191 
0.01 37 0.00 13 0.06 179 5.51 16965 0.25 762 0.15 472 
0.04 106 . 0.00 13 0.05 137 to.43 29984 1.13 324' 0.54 1562 
0.02 57 0.01 14 0.09 246 13.41 35193 1.80 4712 0.72 1903 
0.05 159 0.01 32 0.05 141 10.71 33070 0.56 1780 0.71 2176 
0.09 242 0.02 64 0.11 285 15.88 41034 0.13 1891 1.68 4333 
0.09 220 0.04 90 0.17 427 12.45 30974 1.81 4494 1.07 2674 
0.11 379 0.05 143 0.24 130 14.92 45074 1.86 5624 1.69 5106 

.... -.... ........... ......••. 
0.05 14S 0.02 44 0.10 295 10.80 31205 1.01 2910 0.79 2272 

- -



,-
"'!I' 

11-Jul·Sl 
Weather SUTlMry' 

Houri WS 100 IoOSlD 

...... ·;i···\··;7:7~·····78:~;··10:05· 
14 ",14 71.15 14.09 
15 10.15 62.14 11.01 
16 8,65 60.77 14.99 
17 3.44 43.98 53.87 
18 1 2.64 292 •• ~ 38.55 
19 5.36 70.31 57.95 
20 ,9.99 , 79.90 12.25 

'articulate Summary 

TSP 

OIIlV Preclp 
3 Day precip 
6 Day Preclp, 
Oally AVII. WS 
Oally AVII. 100 
a'Hour AVII. \IS 
a-Hour Avo. 100 

0.04 
0.00 
0.00 
8.25 

56.85 
8.74 

94.93 

Fe Pb Pb Mn "" 
As As cd cd CU Cu Fe ug/1!l1 ppI ug/n\l ppI 

1
M3 ~ ug/~ ppm ug/ml ppm ug/~ ppm •••••••••••••••••••••••••••••• 

sempler ug/MS 
...... --+"" •• "',... 

UI ' rr" .~.**._."''''' ... _ ••• ~-*~ ..... - ..... ~~- ........ - ...... ~.~ ..... ''''.~.o ..... * ...... 
••••••••••••••••••• 0 19 4800 0.09 2151 

0.01 155 0.00 38 ~. ~~ ~~~! ; ';i !~~!~ 1: 16 11991 O'i~ ~~ ., 40 
-2 97 
-3 71 
.4 193 
-5 " -6 21 
·7 29 
-s 63 
·9 24 ........... 

9 Station 66.8 

0.02 183 0.00 47 0'23 3218 4'40 60232 3.03 41461 O. 0 6240 
0.09 12190.05 660 0'14 728 17·84 92452 2.31 1196\ 1.23·~ 6O~t 
o OS 212 0.03 171. • 93612 0 52 8505 6., ;;I 

0:01 186 0.00 74 ~.~~ ~~:~ ~.~~ 27902 0:05 2]80 o.o~ !;~~ 
0.01 286 0.00 68 O· 25 8605 " 3T 47210 0.03 U32 O. ~ 952 
0.01 300 0.00 52 O' 05 826 O' 76 12142 0.04 639 O. 3743 
0.01 101 0.00 24 O· 04 1815 0:113 34719 0.10 4130 0.09 
0.01 144 0.00 99. ••••••••• • •••••••• 

, ••••••• 165 ••••••••• 1788 4.32 64661 0.83 12365 0.31 
343 0.01 0.12 0.02 

4603 

Average 

e - - -- - - _t. - - - - --- -
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28-Jut-81 
Welther SUl1IIary 

Houri liS W \'oSlO ••.•..•...•.......•••••.......•..•••• 
13 3.St 229.00 36.83 Daily Preclp 0.00 
14 4.60 231.10 23.98 3 Day Preclp 0.00 
15 7.55 259.80 13.76 6 Day Preclp 0.52 
16 6.92 263.30 12.83 Dally AvO. liS 3.05 
17 4.28 241.10 18.12 Dally Avg. IoU 256.66 
18 1.28 293.60 49.17 8-Hour Avg. \IS 4.38 
19 1.21 214.50 56.35 8'Hour Avg. W 221.05 
20 5.67 83.80 13.57 

Particulate Summary 

TSP 
As AI Cd cd Cu Cu Fe Fe Pb Pb Mn MIl 

SlIR'pter ug/ll3 ug/lll ppII ug/ml J.lPI og/m3 ppII ug/ml J.lPI ug/lal f'lPII ug/lll1 pptI ..•••....• .. -........ -~ ..... -......••.......... -.-.... -...•....•..... ~ •••.••....... --.-.. -•....•.••..••...• -.. -.. ~ 
-1 244 0.01 53 0.00 6 0.16 656 4.77 19565 0.27 1101 0.11 1]40 
-2 54 0.01 104 0.00 46 0.23 4314 1.33 24683 0.06 1141 0.04 763 
-3 42 0.00 87 0.00 44 0.06 1338 1.15 27471 0.11 2609 0.04 946 
-4 51 0.00 66 0.00 29 0.09 1628 1.41 24704 0.12 2012 0.06 992 
-5 U 0.00 43 0.00 36 0.11 2616 1.06 25104 0.06 1406 0.04 951 
-6 45 0.00 59 0.00 34 0.02 385 1.04 23158 0.23 5038 0.04 814 - .\6 O.C: 12C U.C: ... (i. ~S :!304 1.3! 2&955 3. t~ 2653 0.06 12~~ _WO 

-8 40 0.01 335 0.00 66 0.09 2364 1.09 27264 0.28 7075 0.04 1022 
-9 57 0.01 249 0,00 62 0.11 1883 1.31 22936 0.38 6644 0.07 1169 

-10 45 0.02 0.00 0.08 1.38 0.37 0.07 
............. ........... . ....... _-* ... 

9 Station 69.7 0.01 101 0.00 29 0.11 1632 1.61 23131 0.18 2592 0.08 1125 
Average 



( 

29-Jul -81 
Weather Sl.JmIIIry 

Hours lIS \I) \l)S'D ....... ~ ...........••........•... -- .. 
13 8.34 246.30 10.64 Dalty Pret:fp 0.00 
14 7.18 254.70 14.25 3 Day Precip 0.00 
15 7.32 242.30 16.26 6 Day Precip 0.02 
16 8.16 250.30 10.80 Daily AVII. liS 3.96 
17 4.21 222.90 10.47 Dally Avg. \.0 256.62 
18 2.50 261.10 54.60 IS-Hour AVII. liS 5.20 
19 1.72 285.90 43.65 a-Hour 1'",". W 229.49 
20 2.14 72.38 34. to 

Particulate summary 

TSP 
AI AI Cd Cd Cu cu Fe Fe Pb Pb Hn Hn 

Sanpler UCl/M3 UCl/Ml ppI UCl/IIIl ppI ug/lliS pp!I ug/m3 ppI ug/Ml pp1I ug/llll pp1I .... "" ........... "" .. . ..••......•• -....................... "" ......... "" ..... ""."". __ ................... "" .............................. "" .............. "". -, 240 0.01 60 0.00 6 0.10 430 3.32 13846 0.15 622 0.21 855 
-2 74 0.01 124 0.00 26 0.17 2315 2.76 37343 0.49 6605 0.17 2250 
-3 55 0.01 144 0.00 49 0.06 1123 1.72 31216 0.10 1839 0.07 1221 
-I, 73 0.01 144 0.00 22 0.04 520 1.69 23135 0.11S 2435 0.08 1092 
·5 56 0.01 109 0.010 27 0.14 2464 2.12 37889 0.12 2154 0.11 1993 
-6 47 0.01 172 0.010 33 0.02 449 1.02 21687 0.08 1780 0.03 709 
," 47 0.01 186 0.00 54 0.14 2892 1.53 32520 0.19 4136 0.06 1282 . 
-8 56 0.11 2048 0.01 213 0.16 2944 1.70 30426 1.44 25726 0.07 1247 
-9 74 0.09 1221 0.02 289 0.19 2620 2.14 28896 2.54 34289 0.10 1387 

·10 72 0.21 0.05 0.27 4.33 5.45 0.21 ... .." ......... ......... ." ......... ...'fIt ......... 

9 Station 80.2 0.03 374 0.01 65 0.11 1424 2.00 24936 0.59 1332 0.10 1241 
Average 

- • - - - - - - - -'- - - - - - - .1'- -



.. .. .. - .. .... - - ... -( 

. 04-Aug-S1 
U.athtt Sll1lllaty 

Houts US \I) \'oSTD •.••••.••..••.....•.....•...•••...... 
13 6.11 261.20 21.45 baUy Pteclp 0.00 
14 9.88 271.50 11.89 1 Day Precip 0.00 
15 15.14 254.20 17.56 6 Day Prec:ip 0,05 
16 14.51 256.20 15.29 Dally Ava. \IS 5.47 
17 13.12 254.70 13.13 Daily Avg. loll 262.72 
16 1\.59 259.10 11.16 a-Hour Avg. WS 10.65 
19 9.69 252.00 13.81 a·Hour Avg. loll 262.78 
20 5.15 271.30 12.69 

Particulate Summary 

TSP 
As As Cd cd Cu Cu Fe Fe Pb Pb Mn 14n 

S8II'pler ug/lliS ug/lll ppt ug/lll3 ppn ug/m3 ppn ug/N ppnI ug/llll ppt ug/m ppm .............. ••· ••• ··.~- •••• ·•· ••••. ·.·····_ ... __ w·_··· __ •...•.. ·· •...........•.•••••...•......................•...•• -, 130 0.01 40 0.00 12 0.07 568 3.16 24310 0.07 556 0.08 622 
·2 251 0.01 41 0.00 9 0.12 467 3.17 12317 0.26 t005 0.15 602 
.J 174 0.02 95 0.01 50 0.08 440 4.68 26892 0.46 2631 0.17 997 
·4 181 0.03 148 0.00 23 0.06 351 7.45 41157 0.95 5250 0.45 2464 
.~ :?8 O.OZ as 11.00 <:3 0.14 719 9.2Z 46555 1.34 6786 0.56 2822 
'6 146 0.03 189 0.01 74 0.04 305 4.89 33527 0.55 3785 0.30 2026 
'7 
.-6 231 0.00 0 0.07 302 0.49 2122 8.59 37176 6.41 2m2 0.45 1936 
-9 194 0.30 1563 0.08 410 0.47 2446 9.14 47104 7.31 37nO 0.59 3053 

-10 188 0.34 0.09 0.46 9.68 8.08 0.62 ............. .. .......... -. .............. .... --- ..... 
9 Station 188.9 0.05 269 0.02 120 0.19 983 6.29 332M 2.17 11495 0.34 1820 

Average 



2a'AUII-ar 
"'eatb.r SI..mnIIry 

Mour • !.IS \0 \oSlO ...... -...... ~ .......... -.....•..•... 
13 9.99 279.00 20.43 DaUy preclp 0.00 
14 13.02 262.90 14.59 3 Oav Prec;:lp 0.00 
15 12.52 256.~0 19.91 6 Oav Pr.tip 0.00 
16 11.13 258.80 14.01 o.lly Avg. !.IS 4.45 
17 10.26 268.30 12.65 Dally Avg. UD 251.84 
18 6.12 2M. 70 12.67 8'H04Jr Avg. liS 8.91 

'9 2.38 243.40 31.90 8-H04Jr Avg. \0 241. ,9 
20 5.09 93.90 8.16 

Particulate summary 

TSP 
AI AI Cd Cd eu eu Fe Fe pb Pb Ifn "" S..,.,ler UllIN UII/IIIl PPI lIO/llil PPIl 1.19/rn3 PPI ug/rn3 pp!II ug/llil ppl ug/llll PP' .. "" ............ ~ .••••• -.* .•..•......••••... *.~*- ••••••••••••• * ••• ~ ............. - ••••••••••• - •••••••• -.~ •••• - •• - •• - •• ~ ••• 

·1 121 0.01 45 0.00 13 0.13 1060 2.68 22187 0.06 492 0.07 594 
-2 131 0.01 51 0.00 16 0.11 1318 3.16 24088 0.14 1094 0.10 794 
·3 137 0.01 69 0.00 34 0.08 552 4.28 31265 0.46 3379 0.19 1383 

·4 181 0.02 111 0.00 23 0.01 381 8.19 44121 0.97 5318 0.55 1011 
·5 131 0.01 79 0.00 19 0.12 879 5.09 37143 0.50 3642 0.28 2018 

·6 110 0.01 119 0.01 61 0.05 481 3.05 21698 0.33 2996 0.10 933 . ., 131 0.03 238 0.02 121 0.09 698 4.31 32923 0,80 6088 0.23 1m 
·IS 151 0.04 281 0.02 134 0.13 852 4.89 32364 1.21 8128 0.27 1771 
~9 129 0.03 254 0.02 169 0.11 825 4.32 :53511 1.00 7112 0.31 2367 

-'0 129 0.04 0.02 0.10 4.05 0.99 0.30 
., ........ "' .......... ...... "' ................ ................. ." 

9 se.tion 136.7 0.02 144 0.01 65 0.11 169 4.44 32493 0.61 4468 0.23 1709 

Averill' 

- .. - - .. .. _t. - - - - .. -
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02'Sep'8t 
Ueather Summary . 

.. '. -- ~ ~ '" . - -- .. r ... 
' .... ~ ~ <t"'.~ •• ..., 

;--~ 

- " .. 

Hours US ••••••• ~ ••••• ~~!~. 
·······;3··'···;8:79 267.10 12.37 

14 15.37 253.30 17.70 
5 15.06 254.10 12.72 

1 I 16.02 247.50 15.42 ;~ 10.42 223.80 32.02 
10/ • 0 b8 .24u.6C ~!"~':' 
19 3:72 178.30 63.87 
20 '7.44 82.50 10.25 

Particulate Summary 

lSP ....... 
Sanpter UllIN 

................ " ....... 
'1 589 
'2 853 
-3 821 ... 91~ 
'5 811 
-6 122 
'7 904 
·8 691 
-9 690 

'10 744 ......... 
9 Station 717.3 

Average 

Oailv Prectp 
3 oav Precip 
6 Day Precfp 
OaU y AVQ. liS 
Dally AVQ. WD 
"'110"1' AVQ. \IS 
8'Hour Avg. W 

0.00 
0.00 
0.00 
6.90 

230.55 
11.71 

::..8.40 

, Pb Pb Hn H" 
' Cu Fe Fe ml JlPI UII/ml JlPII 

As As Cd Cd C~ml JlPI. ug/ml JlPI ug~ ••••••••••••••••••••••••••••••• m3 ppM . UllIN JlPI ug ••••••••••••••••••••••• 228 0 22 375 .~ ......................... ; ..... ;.;; ...... ;;;. '0," 'r;::: ~'~l '588 ':08 "" 
o 01 16 0.00 '21 249 29.08 34 '97 1182 0.40 485 
0'06 72 0.03 33 ~'15 181 13.74 16734 ~'95 5414 2.32 2531 
0'03 40 0.02 21 0',9 210 34.44 37642 3'77 4651 1.62 1993 
0"0 ". 0.0' :: 0'" ,.. ..,.. lll~; Z'o. ,... "., '"": 
0'08 97 O.UC ',7 238 21.S7, '26 6926 5.93 656 
0',3 181 0.06 81 O. 402 56.00 61952 6. 11323 0.79 1150 
0:41 459 0.15 ~~ ::~~ 598 20.27 2~ 1~:~~ 14511 1.31 1895 
0.28 399 0.11 225 0.62 894 20.70 2 15.46 2.04 
0.38 553 0.16 0.76 34.74 ••.•••••• 
0.63 0.24 •••.••••. ••.••••.• 33184 4.52 ••••••• ••••••• 81 0.27 342 25.80 
0.11 Z13 0.06 5820 1.78 2285 

---- -



l1'Sep'87 
We.ther Sl.IItnIIry 

Houri US \0 \OSUI ••••••••.••• _ •.••••••.• 4.~._ •••• ~_~ •• 
13 1.15 255.70 46.75 
14 4.33 176.10 46.55 
15 5.16 254.50 27.87 
16 7.51- 252.90' 11.00 
17 6.29 255.30 12.33 
18 2.68 244.90 35.88 
19 2.48 70.42 69.56 
20 1.93 132.60 6l.02 

Partlcul.te Summary 

lSP 

S.,.,ler ug/.a 
"" ... "" ......... 

-1 51 
-2 229 
-3 36 
-4 41 
·5 lS 
·6 27 
-1 26 
-8 27 
·9 33 

-to 47 

9 Station 56.1 
Average 

- e - - -

D.ftV Prec:ip 0.00 
3 Dav prec:lp 0.00 
6 Day Preeip 0.00 
Dafty Avg. WS 2.51 
Daily AVIII. 100 244.71 
8-Hour Avg. US 4.27 
8-Hour Avg. 100 217.80 

AI As Cd Cd Cu Cu Fe Fe Pb Pb Hn Hn 
ug/ll!3 PPII ug/.a flPII lJ9/ml pp1I ug/lll3 ppn utIli'll pp1I utIli'll pp!I 

• ••••••••••••• - •••••••••••••••••••••••••••••••••• , •••••••••••••••••••••••• * •••••••••• * ••••• ~ •••••••••••• 

0.01 140 0.00 44 0.13 2588 
0.18 767 O.Ot 6' 0.21 937 
0.01 116 0.00 119 0.06 1781 
0.01 148 0.00 43 0.01 1198 
O.ot 193 0.00 48 0.12 3287 
0.01 189 0.00 58 0.04 1363 
0,00 \91 0.00 73 0.08 3003 
0.01 240 0.00 90 0.07 2597 
0.01 222 0.00 67 0.12 3646 
0.01 0.00 0.03 

........... "" ........ 
0.03 441 0.00 63 0.10 1792 

-

1.61 31595 O. ta 3572 
1l.14 58256 3.30 14406 
1.37 38026 O. '1 4611 
1.95 41520 0.16 3960 
1.06 10175 0.30 8438 
0.16 28305 0.11 3931 
0.99 18013 0.09 3485 
0,64 23520 0.15 5643 
0.77 23242 0.28 8433 
1.07 0.15 

... ................. ............... 

2.50 44514 

1IIIIIiIIIIIa/._" ...... ~ 

0.53 9371 

-'.-

0.07 1302 
1.68 7329 
0.06 '546 
0.10 2541 
0.06 1587 
0.03 1006 
0.04 1406 
0.02 869 
0.03 978 
0.05 

0.23 4118 

,.1'-



.... 
._ i - ,..-

22'Sep-87 
~elther StJlWlry 

Hours US \.0 \.OSlO .. -.-....... ~ ... ~ ...... -...•••••.•... 
13 4.16 253.60 23.99 DaUy Preclp 0.00 
14 5.86 248.50 13.14 3 DIY Preclp 0.00 
15 5.90 243.60 16.31 6 Day Preclp 0.00 
16 5.09 245.50 11.89 Daily Avg. US 2.08 
17 2.58 2]0.00 45.18 Dally Avg. \.0 237.36 
18 0.83 108.90 42.10 8-Hour Avg. US 3.76 
19 4.21 100.60 14.93 a-Hour Avg. \.0 210.31 
20 1.48 251.80 31.]6 

Particulate Summery 

lSP 
As At Cd Cd Cu Cu Fe Fe Pb Pb Mn Mn 

$lII!f>ler ug/" ug/lll IlPI ug/ll3 ppa ug/lll3 ppm ug/llll ppa ug/lll ppa ug/lll ppa 
.......... . ......•....•.•.....•.••••............... __ .....•.•..•••• -..•........... -.... -...... --~.--••....•... -... 

-1 sa 0.01 78 0.00 20 0.28 3178 2.29 26041 0.15 1752 0.10 1097 
-2 44 0.01 145 0.00 48 0.16 3653 1.55 35303 0.14 3240 0.07 1641 
'3 66 0.02 259 0.01 19' 0.16 2465 2.14 32381 0.111 12252 0.10 1566 
·4 75 0.01 124 0.00 44 0.09 1176 3.06 40185 0.44 5899 0.18 2385 
-5 159 0.02 147 0.01 56 0.15 934 9.95 62557 1.49 9399 0.81 5068 
-6 36 0.01 200 0.00 57 0.03 969 1.04 28910 0.12 3312 0.04 1186 
.'1 40 0.01 280 O.DC '·9 0.12 3041 1.30 32450 0.22 5468 0.06 1409 
-8 49 0.01 136 0.00 71 0.08 1587 1.48 30220 0.17 3485 0.07 1367 
-9 53 0.01 220 0.01 130 0.15 2751 1.92 36234 0.40 7511 0.13 2375 

-10 44 0.01 0.01 0.05 1.61 0.34 0.11 ........ __ ..... "" ............... .............. -. ... 
9 Stet ion 67.8 0.01 163 0.00 70 0.14 2000 2.75 40537 0.44 6474 0.11 2539 

Average 



2l·sep·81 
\lelther Summary 

Hour. \IS W \'oSlD .... -.... ~ .... ~~.~ ..•••.....•....•... 
13 3.68 262.30 18.69 
14 5.48 255.00 11.81 
15 5.59 245.30 16.54 
16 S.4a 250.90 13.20 
17 3.19 231-.20 37.79 
18 1.54 100.10 43.84 
19 3.54 98.50 29.01 
20 1.11 251.40 22.41 

Particulate SummarV 

TSP 

SMpler lJfl/riJ 
"' ......... .". ....... 

-1 104 
·2 sa 
·3 46 
·4 75 
-5 108 
·6 ~ -, 39 
-8 47 
·9 194 

-10 UI2 

9 Station 78.3 
Average 

-

o.lty PrKip 0.00 
1 Day Prec:ip 0.00 
6 Day Prec:ip 0.00 
DaUy AVII. WS 2.03 
oallv Avg. W 239.91 
a'Hour Avg. \IS 3.70 
a-Hour "VII. W 211.84 

Cd Cd Cu 
IJfl/riJ flPII ug/ml 

0.01 59 0.00 19 0.23 
0.00 79 0.00 24 0.10 
0.01 161 0.01 182 0.14 
0.01 168 0.01 85 0.21 
0.02 214 0.00 38 0.16 
0.01 231 0.01 222 0.10 
0.00 US 0.00 87 0.08 
0.01 229 0.00 6S 0.08 
0.03 135 0,08 412 0.26 
0.03 0.04 0.06 

... ,. ......... _"" .. 
0.01 141 0.01 165 0.15 

.... .. ~t. 
I 

Cu 
JlPII 

2227 
1659 
3017 
2821 
1479 
3041 
2094 
1664 
1343 

1912 

3.37 
1.12 
1.44 
4.78 
5.21 
1.35 
1.20 
1.21 
9.13 
4.52 

"' ....... "" ...... 
3.21 

Fe 
JlPII 

32401 
19371 
31345 
63146 
48165 
39717 
30747 
25615 
47086 

40956 

Pb 
UfJ/riJ 

0.11 
0.05 
0.32 
0.48 
0.81 
0.30 
0.18 
0.11 
2.68 
1.17 

..................... 

0.57 

IIiiiIt .. 

Pb 
JlPII 

1627 
889 

6884 
6455 
7510 
8840 
4610 
3619 

13795 

7318 

0.14 
0.05 
0.01 
0.30 
0.41 
0.05 
0.06 
0.06 
0.94 
0.56 

0.23 

... 

'( 

1330 
889 

1582 
4054 
3763 
1569 
1518 
1206 
4856 

2957 

.. 



25'Sep-S7 
\leather SUIIIlary 

Hours \IS _ ~ ••••• ~~!~ . 
·······;i·····;2:~7····269.70 1.33 

14 7.39 268.70 16.82 
15 7.78 265.50 11.87 
16 8.25 244.00 10.31 
17 9.03 265.30 14.98 
18 ... bot ':'21:.20 ·~.2" 
19 2.05 271.90 51.62 
20 :5.04 87.70 14.71 

'articulate Summary 

UP ....... 
S..,Ler \IQ/1IIl 

r .. 1 
.' •• ',' 

Daity Precip 
3 D.y Precfp 
6 DIY Prec:ip 
Oatty Avg. US 
Daily Avg. II) 
8-Hour AVQ. \IS 
a'Hour AVII. W 

, .. 

0.00 
0.00 
0.00 
3.89 

248.98 
6.86 

~:7.u3 

. ... ,.- ... - .. 

Pb Pb M" Mn Cd Cd Cu Cu Fe Fe IIIl ppm UlJ/Ml ppm 
As AI 1m3 ppm UlJ/IIIl ppa UlJI ••••••••••••• UlJ/MJ ppa UlJ/MJ ppm ug ••••••••••••••••••••••••••••••••••••••••••• 749 

······································~······7;; 10.23 31272 0.12 376 :.~~ 1966 
0.01 24 0.00 5 ~'~2 610 13.71 38730 0.89 252~ 0'28 865 

:::~ * i:E :i :::: r.: ::::: ~:: ::~ ,fu ::l* '~: 
................. ........... 

'1 327 
·2 354 
-3 321 

~.g~ 25 0'00 ~ 0 12 359 '90•6839 ~~~~r ~'15 ~36 0.23 B12 
• 0'00 8 009 311. ~'25 806 027 869 

i:il !! :::1 1l :::: ~ :!:!: il!i! i::: ;~~ :::r :~;: 
0:02 66 0.01 33 0.19 548 k71 0.98 0.48 
0.02 0.01 0.06 ••••••••• ................ 

.•••.•••• 442 ".03 33534 0.44 14 0.15 

·It 'P'>'P .. ~ .. 
-5 323 
·6 286 
-7 315 
-8 364 
'9 347 

-10 332 
"" ............ 

9 Stltion 328.9 0.01 44 0.00 1343 0.36 1098 
Average 

~- -



26·Sep·87 
" •• tber SlI'II1IIrV 

Houn \IS ~ ~STD 
•• w •••• ~···.·.· •• ·~.·····*·····-····· 

13 8.12 291.20 ".OS 
14 1.ea 118.80 28.97 
1S 1.20 115.50 62.92 
16 1.49 251.50 63.91 
17 2.40 70.13 39.54 
18 4.44 68.77 9.69 

Daflv precfp 0.09 
3 Dav Precip 0.00 
6 DaV Preclp 0.00 
Dallv Avg. \IS 3.64 
o.nV Avg. WI) 289.21 
a-Hour AVIJ. \IS 3.21 

19 2.56 57.36 26.94 8·!tour Avg. W 133.62 
ZO 3.62 95.70 '6;83 

Particulate s"'ry 

TSP 

SfIIItller UII/IIl 
.................... 

·1 155 
·2 154 
·3 121 
·4 129 
-5 115 
·6 99 
-1 
·8 119 
·9 125 

'10 121 

At Aa Cd Cd Cu cu Fe Fe Pb Pb Hn Hn 

UII/III3 PPI ug/al PPI UIl/Ml PPI UllIN flPI ua/Ml ppIII ua/l\l PPI' 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••••••••••••• - •••••••••• -.~.~ •••••••• ~.- • 

0.00 24 0.00 10 0.21 1382 3.76 24219 0.04 261 0.07 419 
0.01 39 0.00 12 0.12 769 3.95 25638 0.13 825 0.09 510 

0.01 43 0.00 13 0.13 1081 3.29 26760 0.09 736 0.06 527 
0.00 31 0.00 11 0.09 705 3.24 25137 O.OS 36IJ 0.07 512 
0.00 30 0.00 12 0.13 1Q96 3.27 28454 0.04 382 0.01 569 
0.00 38 0.00 16 0.05 517 2.85 28801 0.01 302 0.06 573 
0.00 0.00 0.12 1.1)7 0.21 0.05 
0.00 37 0.00 12 0.08 109 2.73 22928 0.04 370 0.06 501 
0.00 24 0.00 12 0.15 1235 3.14 25135 0.04 310 0.01 530 
0.00 0.00 0.04 1.01 0.03 0.06 

........... ". .. .... If ........... • ""."" ... "" ....... 
9 Station 127.4 0.00 34 0.00 14 O. tZ 949 1.03 23821 0.03 605 0.07 519 

Average 

e, .... .... .. ..... -.,1'_ 
IiiiIf - -1 



,.. .... . 
• ,I" ....... ~ .. " .'~ 

O}-Oct-87 
Weather Surmary 

Hours US &,0 &'os,o -......•..•••. _- ..........••••....... 
13 10.68 276.60 10.33 
14 12.02 287.30 11.51 
15 10.85 282.60 9.58 
16 10.72 275.20 13.73 
17 10.90 260.90 12.04 
18 7.69 255.00 12.98 
19 5.44 249.30 20.50 
20 5.28 291.20 11.15 

P.r~icul.te Summary 

TSP 

Sanpler ug/llll .......•.. -, 311 
-2 338 
-3 301 
-4 285 
-5 279 
-6 288 
·7 ~63 
-a 303 
-9 268 

-10 274 

9 Stltion 294.2 
~verage 

D.iI Y Precip 
3 o.y Precip 
6 O.y Precip 
D.lly AV9. US 
Daily AV9. W 
8-Hour AV9. US 
8-Hour Avg. W 

0.00 
0.00 
0.00 
5.09 

260.86 
9.20 

272.26 

~s ~s Cd Cd Cu 
UII/IiS ppm UII/IiS ppm ug/ml 

0.00 15 0.00 5 0.20 
0.01 22 0.00 6 0.19 
0.01 34 0.00 6 0.16 
0.01 30 0.00 6 0.05 
0.01 21 0.00 5 0.12 
0.01 27 0.00 6 0.06 - -. 41 O.C:: I a.ot. v.u. ... 
0.03 93 0.01 28 0.13 
0.04 142 0.01 44 0.19 
0.03 0.01 0.07 

........... -_. 
0.01 46 0.00 12 0.13 

Cu 
pp!I 

643 
567 
530 
172 
437 
205 
23i 
436 
723 

444 

..... 
. --

Fe 
ug/ml 

7.03 
8.51 
7.73 
7.82 
6.76 
7.39 
G.y;; 
8.84 
9.27 
8.81 

.. ........... 
7.81 

Fe 
pp!I 

22190 
25176 
25187 
27441 
24245 
25668 
26343 
29176 
34596 

26546 

Pb 
ug/ll3 

0.06 
0.21 
0.38 
0.33 
0.27 
0.18 
O.b 
0.41 
0.44 
0.37 

..-- .......... 
0.27 

Pb 
pp!I 

204 
625 

1239 
1144 
969 
629 
58~ 

1341 
1656 

921 

Mn Hn 
ug/.:5 pp1I 

0.17 527 
0.23 690 
0.21 690 
0.26 899 
0.23 813 
0.20 690 
0.21 a:r. 
0.49 1615 
0.68 2527 
0.58 

0.30 1009 

.. 



UNlet·a7 
Weather St.rrIMry 

Hour. US WI) WStD 
_·_ •••••• • ••••••• ~.~ ••••• w ••• ~ •••••• ~ 

13 l.31 228.80 20.31 
14 4.66 236.60 17.16 
15 3.88 231.80 25.90 
16 5.20 216.30 21.36 
11 2.62 263.10 22.37 
18 1.51 274.20 59.52 
19 2.47 96.80 40.68 
20 2.30 129.70 56.35 

particulate Summary 

TSP 

SMf>let U!of/IiS 
As 

U!of/Ml 

Ollily Precip 0.00 
:s Day Preclp 0.00 
6 Day Prec::lp 0.00 
D.ily Avg. liS 1.99 
Dailv Avg. t.IO 239.83 
a-Hour Avg. WS 3.24 
a-Hoor AVSI. W 211.24 

As Cd Cd CU Cu f. Fe Pb Pb Mn Mn 
PPI \.191M'S 1.19/11'13 PPI 1.19/113 flPII \.191m3 PPI I.I9IIll ppI 

"" ................. 
ppI 

• ....... ~ ................ ~ ........ _ ........ ~. __ .................. ~ ................ ~_ •• w .................. _ ............... ····._*·· -, 168 
-2 122 
-] 109 ., 15S 
·5 139 
-6 94 
·7 103 
-8 121 
-9 111 

-10 175 

0.01 52 0.00 10 0.20 '213 2.69 15986 1.11 '0198 0.10 571 
0.01 73 0.00 16 0.23 1872 4.51 3741,9 0.32 2598 0.23 1916 
0.01 SO 0.0,0 28 0.21 2489 3.12 34117 0.28 2532 0.12 1138 
0.01 85 0.00 13 0.09 567 3.73 23622 0.14 4708 0.21 ntl 
0.01 73 0.00 11 0.10 725 2.64 20447 0.11 2243 0.14 t036 
0.00 51 0.00 15 0.09 946 1.87 19892 O.ll U58 0.07 711 
0.01 53 0.00 3::! 0.11 1038 2.91 28256 O. ?' 2296 0.11 ,,16 
0.01 81 0.00 28 O. to 863 2.6' 21602 0.28 2335 0.12 958 
0.05 272 0.01 81 0.18 1069 4.03 23586 0.64 '881 0.26 1548 
0.02 0.02 0.19 7.44 1.61 0.46 

."' ..... "" ....... ..... "" ........ .,. ...... ".. ............ 
9 SuUon 131.7 0.01 96 0.00 27 0.15 1162 3.22 21,453 0,54 4083 0.1S 1156 

Average 

- -



R." S". f~ 

25-Qct-87 
Weather SlJftII8ry 

Hours lIS ..0 ..oSlO ••....••...•....•. 
·······;;··/····;:71 246.80 8.94 

14 5.44 254.50 14.90 
15 4.45 296.50 22.35 
16 8.03 303.20 13.83 
17 8.64 294.00 6.64 
16 , 'I. Ie 284 • .)u .. • oJ. 

19 2.98 252.80 19.57 
20 1.46 75.25 62.63 

Particulate Summary 

lSP ....... 
S..,ter ug/m 

................ ., 362 
-2 423 
.'Il 413 
.~ ~2i" 
·5 402 
-6 312 
-7 327 
·8 370 
·9 342 

. ·10 323 ......... 
9 Stltion 364.2 

Averase 

~~.-

Daily Preefp 
3 Day Precip 
6 Day Preeip 
Dalty Avg. US 
Daily Avg • ..0 
:, :- . .:.; .. ~: \:~ 

8'Hour Avg. IoU 

0.00 
0.00 
0.00 
2.98 

257.36 
5.55 

~50.92 

.... 

. Fe Pb Pb Hn Hn 
As As Cd Cd Cu m3 :n U:;1I13 flP' USl/IIiS • _ •• ~ ••••• ~~~ •••• ~ •••• USl/IIl ppn ug/m3 PPII 1.191 ................... - • .. ... •• • 654 

·····································25······~;3 10.54 29119 0.07 190 0.2~ 632 
o 01 20 0.00 4 O. 11 27 26653 0.08 184 0.2 
0:01 18 g.~~ ~ g:~~ :J~ 11:,1 26894 o.~~ ~!~ g:~t ;~l 
~:~~ ~~ c:ca 4 0.07 ~07 10.03 ~~~~ :'77 1918 0.63 15~ 

3& 0.00 ~ 0.19 ~31 14.08 27024 0.08 256 0.21 ~ 
0.02 17 0.00 5 0.07 226 8.43 26828 0.08 246 0.21 650 
0.01 23 0.00 5 0.13 395 8.77 27796 0.15 395 0.26 699 
0.01 30 0.00 8 0.17 469 10.28 30781 0.31 896 0.30- 870 
0.01 31 0.00 4 0.21 601 10.53 0.23 0.28 
0.01 0.00 0.10 10.23 ••••••• 0.01 ............. ... .......... . 

••••••••• 468 10.56 28995 0.21 569 0.29 5 0.17 0.01 25 0.00 797 

-



-I, 
r. 

21·OcH~7 
Weather Swmary 

Mour. WS W \'oSlO 
~ ••••••• -.~ ••• ~* •••••••••••••••• ~ •••• 

13 2.01 221.40 26.01 
14 1,07 253.80 53.63 
15 7.04 172.00 60.25 
16 2.08 112.60 36.04 
17 1.43 281.20 66.56 
18 1.18 257.20 61.04 
19 1.16 245.40 53.09 
20 0.90 272.20 51.62 

P.rticutate Swmary 

TSP 

S...,.,ler 1..19/1113 
As 

ug/.:5 

Dally Preetp 0.00 
1 Day Preeip 0.00 
6 Day Precip 0.00 
Daily Avg. WS 1.45 
Daity AV9. WO 226.24 
a-Hour AV9. ws 2.11 
a-MotIr AVI. WO 226.98 

AI Cd Cd Cu Cu Fe Fe Pb Pb "n Mn 
AD ug/ll1l ppIII Ug/III3 ppIII \19/1113 AD ug/lll ppIII ug/lll3 ppII . " ......... "" ..... ~ ............................... - ••• * •••••••• - ••• ~ •••••••• - •••• - ••• ~- ••• ~~ •••••••••••••• ~ ••••• ~.* ........ -

·1 170 0.01 54 0.00 9 0.35 2043 2:93 17244 O.1IS 1056 0.12 734 
·2 98 0.02 193 0,00 29 0.18 1799 1.39 34641 0.49 4976 0.22 2220 
.} 112 0.02 177 0,01 79 0.19 1663 3.81 34031 0.78 6972 0.22 1983 
-4 248 0.04 179 0.02 68 0.22 877 12.10 48779 2.49 '10041 0.75 3033 
·5 142 0.03 192 0.01 93 0.19 1373 6.05 42631 1.30 9123 O.4l 3008 
-6 41 0.01 127 0.00 70 0.06 1368 1.69 35957 0.26 5613 (,1.09 1935 
·7 ., ... _ .... 

O.Ot ISO 0.01 n C.M 1137 :!.10 29996 0.36 5104 C. ~2 1M!) 
·8 81 0.01 175 0.01 65 0.09 1094 2.32 28599 0.36 4473 0.13 1585 
-9 112 0.02 169 0.02 150 0.15 1320 3.80 33952 0.91 8155 0.23 2075 

-10 105 0.02 0.02 0.08 3.37 0.72 0.2' ............... .,. ............. ............... 
9 Station 120.0 0.02 156 0.01 68 0.17 1391 4.24 35369 0.79 6603 0.26 2142 

Average 

- .t. ... .. 

( 

-



• .... .. 
2a-Oct-a7 
\le.ther SlIII'IIIry 

Houri \IS 1.0 \IlSTD ....•.....•.........•••....••........ 
13 2.44 268.80 32.61 DaUv Precip 0.00 
14 2.32 243.10 13.08 3 Day Precip 0.00 
15 1.19 174.20 61.28 6 Day Precip 0.00 
16 1.05 110.00 38.08 Dallv Avg. \IS 1.34 
17 1.82 173.20 65.56 DailV AVI. W 218.94 
'8 0.96 259.90 36.97 8-Hour AVI. \IS 1.48 
19 0.83 251.50 71.75 a-Hour Avg. W 213.65 
20 1.21 228.50 75.54 

Particulate Summary 

TSP 
As As Cd Cd Cu CU Fe Fe Pb Pb Mn Mn 

Satrpler . ug/liS ug/liS ppI ug/lli5 PfJ'I'I ug/m3 ppnI ug/m3 PPII ug/lll3 PPII ug/lli5 PPII ........... "'. -.~- ..••.•.•......................... -.. -- ..•..••.•..•.• --••.....•...•.•...•.•.••.....•.......••• --_ .... , 
-1 192 0.01 51 0.00 8 0.34 1772 3.34 17370 0.21 t093 0.15 768 
-2 71 0.01 178 0.00 48 0.16 2257 1.76 24727 0.31 5209 0.09 1282 
-3 616 0.03 135 0.06 101 0.49 794 24.54 39843 8.59 13945 1.39 2263 ., 252 0.10 381 0.02 63 0.19 737 8.00 31164 1.91 1821 0.63 2506 
·5 208 0.09 454 0.09 413 0.26 1244 6.19 29147 4.39 2H21 0.40 1944 
'6 51 0.01 148 0.01 148 0.09 1122 1.92 37622 0.63 12318 0.10 1965 
,'1 71 0.01 142 n ~, 14(1 0.12 1650 2.14 30155 n.52 7280 0.11 11011 
-8· 96 0.02 158 0.01 .97 0.09 916 2.01 20913 0.39 4083 0.11 1154 
'9 114 0.04 315 0.02 142 0.14 1264 2.69 23640 0.79 6929 0.17 1492 

-10 118 0.03 0.02 0.06 2.88 0.83 0.18 .... ;. ... .......... '" ........... --. ....". ......... 
9 Station 185.7 0.04 218 0.02 127 0.21 1120 5.84 31411 1.98 10690 0.35 1893 

Avenge 



29·Oc:t·81 
Uetther SUl'lllary 

WS \.10 \.IOSTO Hours ._~ ••••••• _ ••• 
···············2·23····270.70 30.54 

13 2'86 253.10 16.13 
14 2'40 248.90 21.03 
15 ,'02 339.90 74.54 
1~ ~:~G Q9.70 18.15 
to 40 117.70 46.03 
18 2. 252.90 40.51 
19 0.89 252.10 45.10 20 1.00 

Particulate Summary 

TSP ........... 
SlIq)ler ug/w 

.......... ". ......... ............. 
-1 
-2 64 
! 152 

-4 158 
-5 111 
-6 45 
·7 74 
·8 116 
-9 222 

Dally Precip 
:5 Day Preclp 
'D.y Prtc:lp 
DaU y Avg. loIS 
Oall y Avg. \.10 
a-Hour Avg. W 
a'Hour Avg. \.10 

0,00 
0.00 
0.00 
1.47 

237.11 
2.13 

229.38 

. Pb "" Mn 
Fe 'e Pb ug/alS ppm 

•• A$ Cd Cd CU/_~ ~ ug/MS ppm ug/w ••••• ~ ••••••••••••••••••••• .... 1113 ppm ug ..... ,........ • ......... . .. ," ... .., ...................................... ,,., 
.•••••••••••••••••••••••••• 950 0.20 3056 0.09 1907 

72 0.00 54 0.17 27~~ !::: i~763 0.97 ~~ g:~ 2312 
0.00 "2 0.0' " 0.>0 ':" '.24 ",.. '.3& OlIO •. 24 2'2' g·Z! 154 •• " '" o.:~ 1494 "'0 '''''' :.~ ... , .... ,m 
0'02 145 0.02 193 00"0 2116 1.50 33419 0"64 8605 0.14 188

2

' 
• 221 0.02 340 . 752 2.44 32918 • 5085 0.20 tn 

•• 01 2.. .... ,.. D." '.24 '.18 "',. •••• "624 •.•• "5. 
-10 237 

........... +. 
9 Station 117.8 

.... '2' •. 0' '06 •. '0 , .. ,sa,. '.5. • ., 0.01 171 288 0.22 990. 2.74 • 
0.04 0.066 0.59 8.08 ••••••••• ••••••• 1992 o 04 0.0 ••••••••• 8193 0.23 .... • ••••••••• ....... 1313 3.90 33160 0.96 • •••••• 151 0.02 190 0.15 0.02 

Averelle 

... -

( 



lO-Oct-S7 
~eather Summery 

.... 

"S t..O Hours ••••••••••••••••• 
·······;j······i·~2· 257.00 16.24 

",stD 

14 I 2"6 281.40 15.13 
15 1'97 290.80 26,06 

1'13 242.60 43.42 
16 I 133 212.20 57.58. 
11 0'15 13.30 10.67 
18 I 0'60 256.40 54.4~ 
~: I 1:14 254.00 51.00 

'articulate Summery 

rsp 

Slq)ler 
........... "' .... ., 

'2 
.J 
·4 
-5 
·6 
·7 
-8 
·9 

-10 

9 StatiOil 
Average 

161 
83 

121 
166 
14A! 
54 
64 
96 
93 
90 

108.9 

Dally Preelp' 
3 Oav Preclp 
6 Day Preeip 
Daily Avg. "S 
Dail Y Avg. \10 
a-Hour Avg. "S 
'-Hour Avg. \10 

0.00 
0.00 
0.00 
1.32 

247.88 
1.56 

225.96 

\ Pb MIl Mn, 
Fe Pb ug/ntl flPII 

. CU f. . ....,.. "'" •.••.••...•. ed Cd CU "0,..... ...................... '" •• .. ....,..... .. ~ ••.•• ~ •••••.••••.••••••••••••••• " 1>14 •• :! ,.5. .~~ .... ~ ............... ;;......... '1" 3.:: ::1'.. ..'5 ~:; ~:" >0" 

• •• , .. ..00 51 •• " "'. ,. 04 ",95 •• 1' 14>0 0.41 2853 
•.• , n •. 00 ,. 0.21 m. h. '070' 1.2' "78 0." 3<0' 
0.01 97 0.01 .. 0.15 .,. '" 44121 1.21 3110 0.01 .25< 
.... ... • •• , OJ •• 21 ,.12 6,., 2"" 0.11 ;'38 0.10 1536 
0.0' 221 0.01 .. ..0' .65. I.,. 11.21 0." 1606 0.11 1168 
000 "0.00 1. 0 1. 149' j'oo 3125l •• n 12664 02. 2298 
0:01 ~ g:g~ 202 0:,1 t,:~~ 3:28 35268 ~::: 0:21 
0 .• ' ... 0.. 691 •••• l.l' ••...•••• •••.... 2079 
0.03 0'07 0.10 ••••.•..• 067 6114 0.21 0.03 • ......... 69 33925 . ••••••• 8 1646 3. ••••••. 162 0.01 133 0.1 0.02 

j 

j 

j 

j 

j 

.. I 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 



.. 

8'SEP-89 
Weather SlI11III!Iry 

Wind Wind 
Speed D i rae tf on \.OSTD 

Hours (1\1lh) (ea,,) (deg) .-.... ~ ........ --...... ~ ..........•.. 
13 12.65 41.51 19.18 Dally Precip 0.00 
14 15.71 47.76 17.70 . 3 Day Precip 0.00 
15 14.80 43.59 14.24 6 Day Prec:lp 1.00 
16 16.58 51.42 13.84 Daily Avg. WS 7.90 
17 16.76 46.98 16.19 Dally Avg. WI) 60.45 
18 12.33 38.25 12.11 a-Hour Avg. WS 14.44 
19 13.73 62.01 . 10.95 a-Hr. Avg. WI) 49.94 
20 12.97 67.94 10.63 

Particulate Summary 

Total 
Sa~ler Flow TSP As As Cd Cd CU Cu Pb Pb Hg H9 

(1./9/m3) (ppm) (ug/m3) (ppm) (c.I9/m3) (ppm) 
NO. (m3) (ug/m3) (1./9/1113) (ppm) (1./9/1113) (ppm) 

~ ••••••• ~ ••••••••••••••••••••• _ ••••••••••••• _ •••••••••••••• 4 •• - •••••••••• ·.···········-······~···-·-·········-

1 632.4 
2 512.6 
4 112.1 
5 100.4 
5A 510.1 
7 603.4 
1A 500.4 
a· 700.3 
9 540.2 

Average "CHi-Vol) 
Average (PH-10) 

41.9 0.005 . 113 0.006 '51 
26.7 0.006 219 0.008 292 

344.6 0.032 92 0.023 61 
52.1 0.001 131 0.006 110 
22.0 0.006 261 0.008 356 
23.2 0.0,05 2'5 0.001 286 
14.2 0.006 422 0.008 563 
28.8 0.004 149 0.006 199 
78.7 0.009 111 0.007 94 

85.1 0.010 148 0.009 111 
18.1 0.006 345 0.008 459 

0.06 1534 
0.02 108 
0.13 317 
0.07 1264 
0.06 2582 
0.10 4152 
0.02 1336 
0.04 1306 
0.06 127 

0.01 1436 
0.04 1959 

0.09 2123 0.0,002 
0.14 5230 0.0003 
3.55 10310 0.0028 
0.58 "218 0.00'0 
0.26 12021 0.0006 
0.07 2992 0.0005 
0.03 1913 0.0002 
0.14 4836 0.0003 
0.95 12065 0.0009 

0.79 6968 0.0008 
0.'5 6961 0.0004 

5 
9 
8 

19 
28 
21 
14 
'2 
11 

12 
21 

.. .. ," , I' 



13-SEP-S9 
Weather soomary 

Wind Wind 
Speed Direction UDSTD 

Hours (qiI) (deg) (deg) •...........••.•..•••.....•••..•.•.•• 
13 5.41 227.70 18.55 
14 5.61 223.00 13.92 
15 5.10 216.90 18.83 
16 5.77 224.20 11.37 
17 4.03 201.10 9.94 
18 3.28 70.02 50.68 
19 5.10 78.66 10.96 
20 1.75 189.60 72.94 

Particulate Soomary 

Total 
SIIq>ler flow TSP As 

No. (013) (ug/m3) (ug/m3) 
As 

(ppm) 

·>-. ~ •. I 
--JIll 
I ~.; 

Daily Preclp 0.00 
3 Day Preclp 0.00 
6 Day Precip 0.00 
Daily Avg. WI 2.39 
Daily Avg. WI) 235.53 
a-Hour Avg. IolS 4.51 
a-Hr. AVI. W 179.65 

Cd- Cd Cu Cu Pb 
(ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) 

... 

pb H9 "9 . 
(ppm) (ug/m3) (ppm) 

•••.••.... _ ••.•••••••••...•....••...••..•••••••••••••• ••• •••• · ••• •• •• ••· ••••.• ·.····.···.4.··· •• ·· ••••. ··•···• 

t . 599.8 80.3 0.005 62 0.007 83 0.18 2264 0.07 903 0.0002 2 
2 515.1 68.5 0.006 85 0.008 113 0.09 1383 0.07 1077 0.0002 3 
4 720.0 85.5 0.007 80 0.006 65 0.07 762 0.39 4518 . 0.0003 3 
5 721.5 62.3 0.004 60 0.006 89 0.04 639 0.12 1908 0.0003 4 
51. 534.1 46.3 0.006 121 0.007 162 0.01 275 0.10 2172 0.0003 6 
1 585.2 60.7 0.005 84 0.007 113 0.23 3771 0.08 1337 0.0002 4 
11. 511.1 47.1 0.006 125 0.008 166 0.02 494 0.06 1357 0.0003 5 
8 709.0 160.8 0.044 275 0.006 36 0.08 499 0.70 4342 0.0009 6 
9 549.0 93.1 0.014 155 0.011 119 0_13 1353 0.57 6107 0.0009 10 ··.w_._ .. · ..•........ __ •· ...•.....•. · ..•.....•. ·· .. ··· .. ___ ............. _ .... __ ... ____ .. ___ 

Average (Hi-Vol) 81.3 0.012 "4 0,007 88 0.12 1524 0.29 2885 0.0004 5 
Average (PM-10) 46.7 0.006 123 0.008 164 0.02 385 0.08 1765 0.0003 6 

-.- ... 



15·SEP-89 
Weather SlJTIll6ry 

\lInd Wind 
Speed Direction \oII)STO 

Hours (qJh) (deg) (dell) 
~~.~ •••• w ••••••• _ ••••••• ~ •••••••••••• 

13 5.64 27S.90 31.92 Daily Precip 0.00 
14 12.11' 232.40 20.93 3 Day Precip 0.00 
15 9.42 209.70 16.73 6 Oay Precfp 0.00 
16 10.50 223.70 14.92 Daily AVII. \.IS 3.12 
17 5.90 228.80 13.62 Daily Avg. 1.0 227.98 
18 1.77 248.50 51.53 8-Hour Avg. liS 6.32 
19 2.27 78.54 54.09 8-Hr. Avg. \10 196.68 
20 2.95 7S.90 46.70 

Particulate Summary 

Tot.~ 
SlII1lller Flow lSP As As Cd Cd Cu Cu Pb Pb Hg "9 

No • (ni$) (ug/ml) (ug/ml) (ppm) (ug/ml) (ppm) (ug/ml) ( ppm) (u9/ml) (ppm) (ug/ml) (pp1l) ....... -.. -•.•...•.••...•..•.•..•.••....•.•.••...• ~ ........ -...•......•.. -... -.-..... -.-..... ~ ... -.-•......... 

1 630.2 308.7 0.004 14 0.004 12 0.13 428 0.07 214 0.0002 1 
2 501.6 349.1 0.005 13 0.004 11 0.11 313 0.06 158 0.0002 1 
4 723.9 276.9 0.006 22 0.005 19 0.07 246 0.19 684 0.0006 2 
5 726.9 360.4 0.006 17 0.004 10 0.05 135 0.16 439 0.0003 1 
5A 530.0 163.6 0.004 24 0.004 27 0.06 337 0.13 806 0.0003 2 
7 594.9 278.1 0.023 82 0.007 27 0.25 888 0.51 1843 0.0012 4 
7A 521.9 126.5 0.013 106 0.005 42 0.05 426 0.19 1468 0.0005 4 
8 686.4 335.0 0.032 96 0.019 57 0.08 247 1.45 4331 0.0016 5 
9 540.1 397.7 '0.053 133 0.044 110 0.24 596 2.50 6286 0.0039 10 .... -.. -.-...... ~ ......... ~ .....•...... -~ .......... -•.....•..•...••.••••.•.•......•••••..•• 

Average (Hi-Yol) 329.4 0.018 54 0.012 35 0.13 408 0.70 1994 0.0011 :3 
Average (PM-tO) 145.0 0.009 65 0.005 34 0.05 381 0.16 1147 0.0004 3 

..... .. .. .. 



.. 
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16·SEP·89 
Weather SlItIIIIIry 

Wind "Ind 
Speed Direction WSTD 

Hours (1Iflh) (deg) (deg) ... -... __ ....•.....•...••..•••....... 
13 4.04 236.010 27.89 Dall y Precfp 0.00 
14 8.36 262.10 16.25 3 Day Precfp 0.00 
15 9.24 260.60 14.84 6 Day Precip 0.00 
16 8.26 258.80 12.17 Dally Avg. \IS 3.42 
17 4.09 227.10 16.81 Daily Avg. WD 232.51 
18 1.21 236.20 23.01 8-Hour Avg. WS 5.09 
19 1.54 9.11 65.23 8-Hr. Avg. \;'I) 194.94 
20 3.98 69.58 17.010 

Particulate Summary 

Total 
Sanpler Flow TSP As As Cd Cd Cu Cu Pb Pb Hg Hg 

No • (m3) (ug/m3) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) .............................•....•... _ •....••.••••••.••...•.•..••........... -_ ... ---••...••.. -.......•...... -

1 105.8 175.3 0.026 146 0.020 113 0.27 1563 0.18 1008 0.0011 6 
2 539.1 91.2 0.004 41 0.004 41 0.08 8n 0.05 543 0.0003 3 
4 719.6 80.1 0.003 42 0.004 56 0.06 744 0.09 1182 0.0003 4 
5 724.0 286.0 0.014 49 . 0.006 22 0.05 169 1.22 4250 0.0018 6 
5A 530.1 144.4 0.008 54 0.006 41 0.03 205 0.74 5110 0.0009 6 
7 606.0 76.4 0.004 50 0.004 52 0.25 3325 0.05 708 0.0003 4 
7A 522.0 46.1 0.004 79 0.005 104 0.03 549 0.03 724 0.0002 5 
8 686.7 115.2 0.007 59 0.004 32 0.04 358 0.32 2744 0.0004 4 
9 541.2 108.3 0.008 72 0.007 65 0.14 1295 0.28 2627 0.0008 7 

..........•. -- .................. -- ... --- .. --- ...... _--- .. --------- .. ---._._._.--_ .. --------
Average (Hi'Vol) 133.2 0.009 65 0.007 54 0.13 1190 0.31 1866 0.0007 5 
Average (PH-10) 95.2 0.0106 66 0.0,05 72 0.03 3n 0.39 2917 0.0006 6 



25·SEP-89 
\.leather 5t..ml'larv 

\lInd \lInd 
Speed Direction \1)510 

Hoora (1\lXl ) (dell) (deg) ... ~.-~.- .. -~.~ ....... ~~~~ .•.••....•• 
13 2.69 215.00 24.69 Daily Preelp 0.00 
14 2.59 211.60 25.59 3 Day Precip 0.01 
15 1.02 228.60 31.23 6 Day Precip 6.87 
16 0.71 97.50 43.05 Daily Avg. WS 2.28 
17 4.42 61.97 17.18 Daily Avg. WI) 226.45 
18 3.45 69.45 50.90 8-HOtJr Av9. \.IS 2.22 
19 1.24 237.10 19,31 8-Hr. AV9. WI) 167.84 
20 1.63 221.50 37.13 

Particulate summary 

Total 
Sa~ler flow TSP All As Cd Cd CU Cu Pb Pb Hg 119 

(UV/ml) (ppm) (ug/ml) (ppm) (ug/ml) (ppm) (ug/ml) (ppm) 
No. (III]) (ug/m3) (ug/ml) (ppm) 

_~~ •• _ •••••••• w ••• _ •••••••••••• * ••••••• * •••••••••••• -- •• _ ••••• _ •• _ •• _ •••• _._. __ ••• ___ •• _ ••• ~ •• **.*_*M •• _ ••• *.-
1 569.2 160.0 0.007 42 0.004 22 0.07 451 0.08 480 0.0002 1 

2 521.9 218.8 0.005 25 0.004 17 0.14 644 0.07 299 0.0002 1 

4 122.1 177.3 0.006 35 0.003 16 0.20 1140 0.25 1383 0.0003 2 

5 728.1 236.1 . 0.006 24 0.004 15 0.08 360 0.36 1512 0.0004 2 

SA 507.5 62.9 0.005 85 0.004 63 0.04 630 0.19 3019 0.0002 3 

1 613.7 199.3 0.010 52 0.004 22 0.31 1545 0.29 1463 0.0004 2. 

7A 498.2 113.0 0.009 82 0.004 36 0.07 595 0.15 1337 0.0002 2. 

8 693.5 224.8 0.013 57 0.007 30 0.08 343 0.69 3061 0.0008 1 

9 533.6 261 ;4 0.011 66 0.009 36 0.18 678 0.60 22,SO 0.0007 :5 
0.013 51 0.007 29 0.12 412 0.49 1868 0.0007 3 

10 534.8 261.2 
w.~ •• _ ••• ~~ •• ~ •••• _ •• _ •••••••• _w •••••••••••••• ~.~~ •••••• ~~ •• ~.~.*w ••• ~.~ •• ·.~·M.- •• *.~~ •• ~. 

Average (Hi-VOl) 
Average (PM'10) 

217.4 0.010 
88.0 0.007 

-- .. 

44 0.005 
83 0.004 

23 
49 

0.15 704 
0.05 612 

0.35 1544 0.0005 
0.11 2176 0.0002 

2. 
:5 

.. .. .. 
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26-SEP-a9 
Weather Sunnary 

Wind Wind 
Speed Dlrectfon WSTO 

Hours (qJh) (deg) (deg) 
-_ ........•••.............•.•••••.... 

13 6.65 225.50 10.71 Dally Preclp 0.00 
14 5.52 230.20 16.13 3 Day Precip 0.01 
15 5.47 234.40 11.57 6 Day Precip 1.02 
16 5.90 225.90 13.13 Daily- Avg. WS 3.79 
17 3.55 233.80 25.33 Dai ly Avg. W 214.27 
18 1.97 262.90 55.80 a-Hour Avg. WS 4.35 
19 3.78 75.99 37.57 8-Hr. Avg. W 216.64 
20 1.94 244.40 78.84 

Particulate Summary 

Total 
Sa~ler Flow TSP As As Cd Cd Cu Cu Pb Pb "g Hg 

No. (m3) (ug/m3) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppn) (ug/m3) (ppn) (ug/m3) (ppm) 
..........•.•........•..........•........••.......................... -.............•....••...•.....•...•.....• 

1 650.0 274.4 0.004 15 0.003 11 0.12 426 0-.07 239 0.0005 2 
2 536.4 254.7 0.004 15 0.004 15 0.08 330 0.04 159 0.0003 1 
4 721.7 262.1 . 0.005 17 0.003 11 0.11 402 0.13 500 0.0006 2 
5 736.8 214.0 0.004 16 0.003 13 0.04 183 0.06 297 0.0003 2 
5A 505.5 199.2 0.004 22 0.004 20 0.03 129 0.05 261 0.0004 2 
7 617.5 218.0 0.005 22 0.003 15 0.42 1939 0.07 311 0.0008 4 
7A 518.3 125.2 0.003 23 0.004 31 0.04 304 0.03 230 0.0009 8 
8 696.3 367.5 0.017 45 0.007 20 0.11 293 1.38 3744 0.0014 4 
9 536.7 278.0 0.011 39 0.005 19 0.19 670 0.24 871 0.0006 2 
10 561.3 273.0 0.012 42 0.004 16 0.09 339 0.18 659 0.0007 2 

..••....•....•...................•.. _- .... _-_ ...... --- .. _- ....... -- ......•............. -- .. 

Average (Hi-Vol) 267.7 0.007 27 0.004 15 0.14 573 0.27 847 0.0006 2 
Average (PH'10) 162.2 0.004 22 0.004 25 0.03 216 0.04 245 0.0007 5 



27-SEP·89 
\leather SUltJI8ry 

Vind 'lind 
Speed Direction IotSTO 

HOIJrs (1Iflh ) «leg) (deg) .. ~ .. -.-.... ~~ .... *.~ ..... -.... * •• - •• 

13 4.39 203.80 19.83 Daily precip 0.01 
14 4.20 212.80 24.98 3 Day Precip 0.01 
15 3.39 224.20 21.16 6 DIY precfp 0.02 
16 4.87 232.10 17.57 Daily Avg. WS 2.17 
17 4.08 211.00 24.54 Daity Avg. \.10 222.72 
18 1.89 0.71 59.34 8·"our Avg. \oIS 3.67 
19 4.41 18.23 16.11 8-Hr. Avg. \.10 154.16 
20 2.12 74.61 75.24 

Particulate Summary 

total 
SatIl>ter flow rsp As As Cd Cd Cu etl Pb Pb "9 N9 

No. (1113) (U9/I1I3) (ug/m3) (ppm) (ugJlIil) (ppII) (u9/1Iil) (ppm) (ug/llil) (ppm) (ug/lFi5) (ppm) 
- •••••••••••••• ~ ••• - ••••••• ~~-~ •• - •••• ~ •••• * ••••••• ~ •••••• - ••••••••••• ~-- •• - •• - •• - ••• -.- •••••••••••••••••••••• 

1 575.6 
2 528.2 
4 736.2 
5 745.4 
5A 506.1 
7 618.0 
7" 526.5 
8 694.8 
9 539.0 
10 548.4 

Average (Hi -Vol) 
Average (PM-l0) 

93.8 0.004 
13.8 0.003 
68.4 0.004 
70.8 0.005 
47.4 0.005 
66.0 0.001 
41.9 0.003 

153.3 0.012 
109.6 0.019 
t08.3 0.018 

93.0 0.009 
44.7 0.004 

...... 
, I 

44 0.003 
46 0.004 
56 0.003 
66 0.003 

104 0.004 
103 0.004 
72 0.004 
80 0.006 

169 0.009 
162 0.007 

91 0.005 
88 0.004 

37 
51 
40 
44 
83 
66 
91 
40 
86 
66 

54 
81 

.. 

0.10 1063 
0.09 1245 
0.11 1569 
0.09 1225 
0.05 1071 
0.43 6544 
0.06 1463 
0.09 601 
0.13 1144 
0.13 1198 

0.15 1824 
0.06 1261 

0.01 748 0.0002 
0.05 670 0.0002 
0.14 2046 0~OO03 
0.26 3il36 0.0003 
0.12 2634 0.0002 
0.22 3358 0.0006 
0.05 1277 0.0003 
0.97 6336 . 0.0010 
0.70 6319 0.0011 
D.n 6620 0.0011 

0.39 3724 0.0006 
0.09 1956 0.0002 

.. 

2 
3 
4 
5 
4 
9 
6 
7 

10 
10 

6 
5 

., 

.wI • 
, t" 
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28-SEP-89 
Weather Sl.IlITIIlry 

Wind IIlnd 
Speed Direction \/OSlO 

Hours (~) (deg) (deg) .. -- ... --- .••.......•. -..••..•.. ----. 
13 3.17 196.00 26.63 Daft y Precip 0.01 
14 2.57 192.70 28.02 3 Day Precip 0.02 
15 3.77 193.70 17.n 6 Day Precip 0.03 
16 3.64 202.90 10.92 Dail y Avg. liS 1.89 
17 3.71 129.70 56.79 Daily Avg. \/0 205.95 
18 5.66 87.20 13.61 8-Hour Avg. liS 3.36 
19 2.82 95.10 42.01 8-Hr. Avg. \/0 165.48 
20 1.50 226.50 33.94 

Particulate Summary 

Total 
Sairpler. Flow TSP As As Cd Cd cu Cu Pb Pb Hg Hg 

No • (m3) (ug/m3) (ug/m3) (ppn) (ug/m3) (ppn). (Ug/m3) (ppn) (ug/m3) (ppm) (ug/m3) (ppm) ..........•...................•............................ -- ........ -- .... -.. --- ..........••.....•...•....... 

1 644.2 90.7 0.009 99 0.003 34 0.14 1498 0.09 955 0.0002 2 
2 533.2 40.7 0.008 189 0.004 92 0.09 2242 0.05 1110 0.0002 5 
4 730.6 74.8 0.009 126 0.003 37 0.11 1520 0.29 3914 0.0004 5 
5 755.1 58.7 0.007 124 0.003 45 0.07 1115 0.15 2618 0.0002 4 
SA 505.3 42.6 0.008 1n 0.004 93 0.04 879 0.12 2775 0.0003 7 
7 608.6 69.6 0.004 64 0.006 92 0.40 5784 0.09 1261 0.0004" 6 
7A 551.3 33.6 0.008 232 0.004 108 0.06 1914 0.09 2733 0.0002 6 

.8 694.0 180.7 0.020 111 0.014 77 0.12 673 1.39 n03 0.0020 11 
9 536.8 105.0 0.018 168 0.012 113 0.18 1740 0.70 6632 0.0010 9 
10 538.9 98.6 0.013 134 0.014 137 0.10 1045 0.70 7058 0.0013 13 

____ ._ •• __ ••• _________ ••••• _______________ • ___ ••• ___ •• ____ w ___ • ___ ••• ____ ._. ___ • _______ • ___ 

Average (Hi-Vol) 89.9 0.011 127 0.007 78 0.15 1952 0.43 3906 0.0007 7 
Average (PH-10) 38.1 0.008 204 0.004 100 0.05 1396 0.11 2754 0.0002 6 



29-SEP·89 
!leather SlIJ1IIary 

Wind Wind 
Speed Direction I.'DSTD 

Hours (1Tph) (deg) (deg) 
~ •• ~.~.~.~ •••• N* •• ~ ••• W~.*" ••• -.~ ••• • 

13 3.19 231.80 18.16 Dally Preelp 0.00 
14 4.34 239.30 23.27 :5 Day Preclp 0.02 
15 5.25 232.30 13.07, 6 Day Precip O.Dl 
16 3.90 211.30 9.97 Daily Avg. WS 2.13 
17 1.71 82.10 53.64 I)aily Avg. \.II) 209.38 
18 5.15 19.15 16.82 a-Hour Av9. WS 3.46 
19 2.17 90.80 35.02 8-Hr. Avg. I.'D 175.21 
20 1.34 234.90 29.89 

Particulate Summary 

Total 
Sanpler Flow UP As A$ Cd Cd CU tu Pb Pb "9 H9 

No • (fill) (ug/ml) (ug/m3) (ppm) (U9/ml) (ppm) (ug/ml) (ppm) (U9/ml) (ppm) (ug/ml) (ppm) 

••••••••••••••••••••••• _ ••••••••••••••••• 4 ••••••••••••••••••••• - •• ~.* ... ~*~.-.-~.- .. -...•.. -.•••......•. ~~ .. --

1 642.7 97.3 0.005 56 0.003 32 0.08 801 0.10 1014 0.0002 2 

2 545.4 55.4 0.003 63 0.004 66 0.08 1480 0.07 1351 0.0002 3 

4 721.9 59.7 0.004 10 0.003 46 0.15 2483 0.15 2552 0.0003 4 

S 740.4 70.0 0.005 66 0.003 42 0.06 852 0.30 4223 0.0003 4 

SA 508.6 51.9 0.006 125 0.004 76 0.05 874 0.18 3509 0.0005 10 

7 605.7 58.5 0.005 93 0.003 59 0.43 7423 0.11 1691 0.0003 6 

7A 521.6 46.2 0.004 91 0.004 83 0.08 1798 0.08 1740 0.0002 5 

8 600.4 254.2 0.024 94 0.013 50 0.17 688 2.05 8059 0.0018 7 

9 523.2 132.5 0.016 121 0.010 74 0.21 1602 0.92 6911 0.0009 7 

10 540.3 124.2 0.015 124 0.015 124 0.13 1014 0.98 1915 0.0014 11 
~ ••••• - ••• - •••• - •• ~ •••••• - •••••••••••••••• -*~ •••••• ~ •••• ~ ••• -~ •••••••• ~ ••••••••• ~ ••• -.~--.~ 

Averaae (Hi-Vol) 106.5 0.010 86 0.007 62 0.16 2043 0.58 4239 0.0007 6 

Average (PM-10) 49.1 0.005 108 0.004 79 0.06 1336 0.13 2624 0.0004 ., 

... .. .. \ .. .. ,.I • .. 



... - .. 
10-ocr-89 
Weather Sl.ll1IIarv 

\lind Wind 
Speed Direction WDSTD 

Hours (q:t&) (deg) (deo) •....•...•.••.............•...•. --... 
13 15.10 227.50 12.53 Daily Precip 2.00 
14 17.63' 234.50 12.28 3 Day Precip 2.00 
15 13.23 228.90 16.04 6 Day Precip 2.00 
16 11.51 230.60 10.33 Daily Avg. WS 6.15 
17 15.59 242.70 13.36 Daily Avg. WI> 232.16 
18 10.29 266.80 18.81 8-Hour Avg. 'IS 12.33 
19 6.86 255.70 17.86 a-Hr. Avg. WI> 242.15 
20 8.41 250.50 16.70 

Particulate Summary 

Total 
Salllller Flow rsp As As Cd Cd Cu CU Pb Pb Hg Hg 

No. (1113) (ug/m3) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) (ug/m3) (ppm) .....•....•.........••.....••.•...... -.-... _ .•........... -..•.•..•.....•.. --- ....••....•..•••....•.••.•..•...• 

1 647.5 244.5 0.010 42 0.006 25 0.10 392 0.05 222 0.0002 1 
2 556.2 263.8 0.008 30 0.001 27 0.12 444 0.23 859 0.0007 :I 
4 130.8 254.7 0.011 45 0.006 23 0.01 261 0.35 1380 0.0005 2 
5 720.5 682.7 0.016 23 0.012 17 0.07 101 1.31 1917 0.0019 3 
51. 528.9 321.3 0.020 61 0.008 24 0.13 417 0.79 2460 0.0014 4 
7 605.2 242.1 0.028 117 0.008 33 0.71 2941 0.52 2136 0.0008 3 
71. 535.4 98.8 0.021 208 0.001 76 0.06 616 0.44 4422 0.0008 8 
8 693.7 390.3 .0.078 201 0.042 108 0.17 425 3.33 8532 0.0032 8 
9 521.0 356.1 0.059 165 0.062 175 0.32 889 2.BS 8086 0.0067 19 
10 573.1 340.6 0.060 177 0.094 276 0.23 666 4.01 11782 0.0068 20 _ .... _ ...... ~_ .... _._w_ ... ~¥ ___ •• _ •• ~ •• __ •• __ ._. __ ·_ ••••• ____ •••••••••••••••••••••••••••••• 

Average (Hi-Vol) 346.8 0.034 100 0.030 85 0.22 766 1.59 4364 0.0026 7 
Average (PH-tO) 210.1 0.020 135 0.008 50 0.10 517 0.61 3441 0.0011 6 



I 
Table A2.5 I 

WEEKLY o:::M'CSl'l'lID FILTER RESULTS .. EONKER HIU.t PRaJm:::T - SMELTmVILLE, IDAID 
~ 8, 1981 ~ NOVEMBER " 1988 

Average Average Average 

I Q:Jnposite Week. TSP Cadmium Lead 
Week Group Ending O:::ac .. 0::0:::. Cone. 

No. N.::l. DElta (uq/scm) (ng/scm) (ng/scm) ---- ----- ------ --------- -------- -------
1 1 871109 99.1 3.89 464.17 I .2 . ~ 871116 53.5 3.85 261.22 
3 871123 72.6 16.62 418.74 
4 9 871130 53 .. 9 1.17 12'1.43 
5 10 871297 41.9 1.38 128.52 

I 6 11 871214 49.0 2.64 166.61 
7 12 871221 43.4 9 .. 90 60..49 
8 13 871228 71.2 1.71 92.50 
9 14 889104 62.1 3.22 135.11 

10 15 880111 40.6 0.59 43.94 I ~~ - 16 880118 51.6 0 .. 74 18.43 
2 880125 83.1 2.07 129.51 

13 17 880201 66.4 5.35 161.08 
14 - 18 880298 59.3 1 .. 42 69.37 

I 15 19 880215 50.3 0.68 74.47 
16 3 880222 111.8 4 .. 84 538.08 
17 4 880229 155.4 6.02 540.79 
18 20 880397 52.2 1.43 108.61 
19 21 880314 45.1 1.04 104.90 I 20 5 880321 82.5 2.06 297.35 
21 22 880328 45.9 9.78 74.19 
22 23 88&404 36.9 0 .. 73 74.61 
23 24 880411 42.1 1.35 121.71 

et 24 6 880418 93.9 5.61 654.39 
25 25 880425 26.8 1.34 139.05 
26 26 880502 30.6 1.34 143.92 
27 27 880599 28.3 0.99 8g.28 

t 28 28 880516 66.1 2.31 36 .75 
29 29 889523 39.5 0.78 117.92 
30 39 889539 28.2 9.58 56.98 
31 31 880696 29.3 '9.58 76.07 
32 32 880613 31.1 9.46 99.11 

I 33 33 880629 69.1 1.36 272.63 
34 34 880627 62.5 1.14 273.46 
35 35 889794 31.9 9.49 82.58 
36 36 sa9711 48.6 9.51 114.91 

t 37 37 889718 21.5 0.46 116.30 38 38 880725 73.6 1.74 478.23 
39 39 889801 118.9 3.34 743.11 49 40 880808 78.5 3.28 549.99 41 41 889815 76.2 1.56 461.17 I 42 42 889822 144.9 5.53 1345.79 43 43 880829 164.3 4.97 1211.97 44 44 889995 161.9 6.51 1399.34 45 45 889912 225.2 4.38 1245.34 46 46 880919 89.1 2.83 409.83 I 47 47 889926 46.6 1.98 230.95 48 48 881903 76.9 3.16 417.99 49 49 881919 74.8 1.;89 497.79 59 59 881017 95.6 3.99 379.26 

'I 51 51 881024 65.4 1.81 124.53 53 52 881931 82.5 2.61 194.21 53 53 881107 33.7 1.08 92.67 
Average 69.5 

! 

t 2.50 312.23 Maximum 225.2 16.62 1345.70 Minimum 26.8 0.40 43.94 e. 
~, 

I" 
Z",~, 



I 
I Table A2.S (cont) .. WEEmJY a:::MI?OSITED FILTER RESULTS 

::etJNKER HIU.. PROJ'El'::l' - MIDDLE sc:::El:OL - :KEL!D3G. IDAHO 
NOVEMBER 7, 1987 - NOVEMBER 7, 1988 

I 
Average Average Average 

canp:site Week TSl? Cadmium Lead 
Week Group Ending Cone. Cc:Inc. Cone. 

No. No. Date (ug/scm) (ng/scm) (ng/scm) ---- ------ ------ --------- --------- --------

I 1 54 871199 48.7 5.14 249.14 
2 55 871116 38.8 2.67 283.49 
3 56 871123 43.3 5.40 174.81 
4 57 871130 35.8 1.18 68.04 

I 
5 58 871207 29.2 1.19 69.21 
6 59 871214 22.5 1.99 91.37 
7 60 871221 29.8 0.97 46.87 
8 61 871228 ~~J' 1.10 64.20 
9 62 888104 1.44 59.12 

I 10 63 888111 31.5 8.59 34.42 
11 64 880118 29.1 8.39 50.63 
12 65 880125 59.7 8.82 81.34 
13 66 888281 43.7 2.72 72.98 

" 
14 67 889208 44.2 1.30 59.24 
15 -68 888215 30.7 8.58 49.68 
16 69 880222 83.1 2.95 296.97 
17 78 880229 92.0 4.47 292.27 
18 71 880387 30.7 8.93 78.44 

I 19 72 888314 24.8 0.64 47.82 
28 73 888321 46.1 1.69 142.88 
21 74 880328 32.8 8.63 48.62 
22 75 880404 21.7 0.53 35.43 

Ie 
23 76 880411 22.7 1.34 61.86 
24 77 880418 38.8 1.22 121.00 
25 78 880425 15.3 8.74 51.06 
26 79 gg~~~~ 20.0 1.64 84.26 27 89 17.2 9.64 49.26 

I~ 
28 81 888516 51.1 2.85 185.51 29 82 880523 31.0 0.79 78.85 
30 83 880538 22.3 0.63 38.37 31 84 888606 18.4 0.29 38.33 

I.: 32 85 880613 28.1 0.40 31.13 33 86 880628 54.3 8.61 62.53 
34 87 880627 38.5 0.63 52.41 35 88 880704 23.4 0.58 33.69 . 36 89 880711 18.6 0.46 41.61 

t 37 98 880718 15.8 0.29 18.15 38 91 880725 37.3 0.46 45.58 39 92 880801 63.5 1.74 123.00 40 93 880808 35.2 0.56 55.16 

11 
41 94 880815 41.3 0.95 47.29 42 95 880822 54.2 3.30 183.46 

,~ 43 96 880829 76.9 2.75 124.69 
44 97 880905 53.5 1.60 102.34 45 98 880912 146.4 3.99 310.92 

l 46 99 880919 47.2 1.64 68.17 47 100 880926 25.9 1.22 51.36 • 48 101 881003 34.3 0.89 51.22 49 192 881910 36.6 2.21 128.96 

I 
50 103 881017 64.6 3.01 194.98 !: 51 104 881024 59.4 2.77 159.96 52 195 881031 46.9 2.18 .184.09 53 106 881107 18.4 1.10 43.27 

I Average 40.8 1.56 94.91 Maximum 146.4 5.40 310.02 Minimum 5.3 0.29 18.15 

l~ 
I 





I 
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TABLE A3.1 
Cumulative Distributions For Solid M~Sia Lead 

Concentrations at Bunker Hill a 

t' PercentDe 
19&3 1983 1983 1986/87 1986/87 1988 

Lead Mineral Soil Ho~ . Mineral Soil House 

I Concentration Soil Utter' Dust Soil Utter Dust 

ugtg'D! !n=206) (n=28) (n=147) (n=1l611 (n=llS2) (n=94) 

I 
60 0.5 0.1 

70 
1.1 

90 
21 

100 
3.2 

120 3.6 

I 130 
0.3 0.1 4.3 

lSO 
0.3 

160 1.9 0.5 6.4 

170 
7.4 ,. 180 2..4 

210 .3.4 0.7 8.5 

220 4.4 0.9 

230 5.3 7.1 0.7 l.l 9.6 

240 
1.2 0.4 

f 
lSO 

1.6 

260_ 5.8 10.7 10.6 

210 7.3 1.9 0.5 

:zso 2..0 0.6 , 29G 7.S 2.1 0.8 

300 8.7 2..2 

310 9.2 0.9 

320 9.1 2.3 1.0 

330 10.2 2.' 

Ie 
3'0 10.7 
350 11.7 2..S 1.1 

360 12..1 
370 12.6 2.8 

t. 
380 13.6 2.9 1.2 

390 14.1 14.3 3.1 1.3 

-400 3.3 .1. 14.6 3.4 

420 IS.5 1.4 3.6 U 

I' 430 16.0 3.8 11.7 

uo 3.9 

450 16.5 4.0 1.6 12.8 

460 
U 

I~ 
47' 

4.2 1.7 

480 17.0 '.5 13.8 

490 18.0 ".6 

500 18.9 4,1 2.0 

510 
4.9 

[ S20 
5.0 2.2 

530 19.9 17.9 2.7 5.1 

S40 20.9 3." 5.2 

550 
2.3 

l 
S60 ".1 5.3 16.0 

510 5.6 17.0 ,. 2U 21 .• 5.9 

590 25.0 6.1 2.5 

600 21.8 4.S 6.5 2.1 

I 
610 22.3 5.. 2..8 18.1 

" 
, 620 

3.0 

630 22..8 6.8 3.1 

6C8 7.1 3.2 

650 
3.3 20.2 

I 660 6.t 7.4 3.5 

" 67' 23.8 28.6 6.8 7.8 3.6 

680 24.3 8.0 21.3 

i' 
690 24.8 32.1 8.3 3.8 

700 25.2 8.5 3.9 22.3 

710 25.7 8.2 8.9 

720 9.0 4.0 

730 9.1 

• 7. 26.2 8.8 9.2 4.1 

750 10.2 9.' 

760 27.7 9.6 4.3 



TABLE A3.1 (Continued) ,I 
Cumulative Distributions For Solid M~~ia Lead 

Concentrations at Bunker Hill a 

I PeruntRe 
1983 1983 1983 1986187 1986187 1988 .. Lead Mlneral SoU House Mineral Soil House 

Concentration SOU Litter Dust SOU Litter Dust 
!!&!m!. (n=206) !n=2~ (n=147) (n=11611 !n=llS2) (n=941 
770 28.6 9.8 U I 180 29.1 10.9 10.2 .t.8 23.4 
190 30..6 S.l 
BOO 10.4 

I 810 U.6 10.6 5.2 
8lO 3U 35.7 t2.l 11.0 5.3 
!30 32.0 11.2 5.' 
SoiO 32.S u.s 5.5 
ISO 310 12.9 u.a 5.6 

I S6f) 33.S t2.1 5.8 
870 13.6 l2.5 6.0 26.6 
880 110 6.2 27.7 
890 14.3 t:u 

I 900 114 6." 18.1 
9U. 15.6 118 6.6 
920 14.2 6.9 30.9 
930 3.l.S 16.3 1.3 
940- 7.5 ., 950 35.0 17.1 14.4 1.6 
96C 35.4 t .. 6 
910 18.4 is.O 7.S 
9EIO 19.0 15.2 8.0 
990 36.4 19.1 15 .... 8.1 31.9 I 1000 37.4 39.3 15.6 8.2 33.0 

1100 38.3 l6.S l8.5 U 38.3 
l200 39.8 42.9 'D.9 21.4 U.S 416 
lJOO 42.:2 30.6 24.0 12.9 41.9 .. 1400 44.1 50.0 32.0 'DA 1'" 5~ 
1500 46.1 31 •• 19.1 15.8 58.5 
1600 41.6 ..0.1 32.9 16..9 62.8 
1700 S1.O 42.2 3S.S 19 .... 67.0 

t iSH 52." 53.6 44.2 JaB 2LD 11.3 
1900 53 .... .16.9 42." %2.9 7l.3 
:000 55.3 57.1 51.0 44.2 25.' 76.6 
2100 55.! 511 46.5 X'I.7 
2200 56.8 511 .l8.8 19.9 ,--2300 59.2 60.1 5U so.s 31.9 
240& 60.7 55.1 52.1 33.S 
2500 62.6 S7.S 54.3 J5.3 77.7 
26GO 616 64.3 59.9 S~U 36.8 
X'l00 64.6 11.4 6.3.9 S8.1 38.6 78.1 I 2800 61.0 65.3 60.8 41.0 19.8 
2900 67.3 62.8 12.6 81.9 
3000 68.4 75.0 68.1 65.1 45.3 
3100 72.3 lU 61.1 "7.1 810 , lZOO 72.8 10.7 68.5 49.2 
330e 14.3 71.4 10.7 51.0 84.0 
3400 14.8 7U 7l.1 53.1 
3SOO 76..7 74.1 73.6 5 •• 7 
3600 77.2 78.6 76.1 75.2 56.6 I 3700 77.1 18.1 77.2 58.0 as. 1 
3800 19.1 80.3 78.1 59.8 86.2 
.3900 80.6 8L1 79.2 61.8 
4000 81.1 82.1 83.1 80._ 62.9 81.2, 

I 4100 au 8$.0 aLO 6$.1 88.3 
"200 as.7 82.0 66.1 
4300 82.0 87.1 82.8 67.1 
,woo 81S 89.8 84.2 69." fl 4S00 as.7 9O.S 84.9 1O.S 
.a6OO 8'.0 91.8 85.3 11.7 
4700 86.1 73.1 90..; 
-'800 84.5 92.5 86.9 14.2 -, .&900 85.4 93.2 81.7 1S.J 
$GOO 86..9 9".6 88.0 76.3 
5100 sal sas 77.6 
SlOO 9$.l 89.2 18._ 

t 
. 



I 
TABLE A3.1 (Continued) 

I Cumulative Distributions For Solid M03ia Lead 
Concentrations at Bunker Hill a ,. Percentile 

1983 1983 1983 1986187 1986187 1988 
Lead Mineral Soil House Mineral Soil House 

Concentration SoU Litter Dust SOU Utter Dust 

I ~ (n=206) !n=28) (n=147) (n=11612 ~n=1l52l (n=94) 

5300 89.3 S9.3 89.9 79.6 
$400 90.4 80.! 

I 5500 89.8 90.8 81.5 
5600 90.3 96.6 91.1 82.6 
5700 97.3 9l.8 83.2 
5800 92..3 SU 

I 
5900 92.9 92.5 84.7 
6000 91.3 93.0 85.4 91.5 
6100 91.7 93.' 86.1 
6200 92.2 9.6.1 86.5 
6300 92.7 9-'.2 87.2 

I 60400 9-'.7 88.0 
6500 93.2 9-'.8 88.3 9'.7 
6600 93.7 95.0 88.8 
6700 89.2 t, 6800 9S.2 89.6 
6900 9.5.6 90.1 
7000 95.9 90.5 95.7 . 7100 96.0 . 90.8 
7200 96.6 91.5 

I 7300 96.1 9l.8 
7400 96.8 92.0 
7500 96.9 92.3 
7600 97.0 92..S .. 7700 97.1 92.6 
7800 97.2 92.8 
7900 94.1 98.0 92.9 
8000 95.1 97.3 93.4 

" 
8100 95.6 97.5 93.1 
8200 98.6 97.6 
8300 97.8 93.9 
!WOO 97.9 9'.4 
8500 98.0 94.5 

I 
8600 96.1 98.1 9'.6 
8700 98.2 
8800 98.4 
8900 98.5 94.9 
9000 98.6 95.0 

I[ 9100 99.3 95.1 
9200 98.7 
9300 95.2 
9400 95.4 

I[ 
9500 96.4 98.8 95.7 
9700 98.9 95.8 
9800 96.6 96.0 
9900 99.0 96.1 

10000 96.4 I;' 11000 97.15 100. 99.2 97.3 
1~ 98.1 ioo. 9904 97.8 96.8 

fL. 13000 99.6 98.3 
1<tOOO 9!.5 99.7 99.0 

II 
1.sooo 99.1 99.2 
16000 99.0 99.3 
17000 99.9 99.5 
18000 100. 99.7 97.9 
19000 99.5 99.8 

t· 21000 100. 
22000 99.9 

~ 2SOOO 98.9 .- 46500 100. 
52700 100. 

~, 

It 
(3) Soun:e: IOHW 1989b 

CH2M roll 199O.b 



TABLE Al.2 (from Protocol Document) 
Estimated Mean Airborne Metals Conunlrations 

(Jaglml),1971 .. 1988 

Rural 
Back· 

L,$ation Qmlamin.nl '271 1272 1973 121~ 121S 1976 1977 121ft 1219 1960 1981 1?,82 196:1 1984 1285 1986 1987 1988 ... B.rI;~Jrn.!· 

Smelterville At. .07 .1:\ .20 .17 ... .12 .0 .07 .08 .07 .06 .0:\8 .010 .007 .010 .014 .017 .017 
Cd .;\5 .35 .3" .39 .18 .31 .27 .20 .30 .)0 .:\0 .015 .018 .010 .016 .026 .o:n .n;\{ 
Cu .10 .19 .• 2B .24 .15 .17 .16 .()9 .U .JJ .IIK .Il .10 .)0 .10 .10 .11 .11 
f'b S.1 11.2 16.5 '4.3 8.9 9.8 9.1 .'-4 6.7 6.3 ".6 .RB .20 .12 .19 .:40 .36 .36 
Sb .08 .16 .21 .10 .Il .14 .Il .08 .0\1 .09 .06 .021 .014 .00l .014 .OIS .016 .016 

1.9 ~·2 1.1 1l.4 2·9 ~.l 6.1 6.3 P 4.§ 4.3 ~.2 ·~I .14 .10 .14 .20 .23 .2.1 

Kellos! At. .2.0; .29 .45 .42 .22 .2.'\ .20 .16 .18 .18 .12 .012 .010 .000 .009 .010 .010 .000 
Cd .)0 .35 .56 .<42 .17 .26 .2..'i .29 .:41 .46 .lO .022 .fIIS .()()I) .010 .Ol:i .013 .009 
C. .14 .16 .26 .23 .13 .U .12 .092 .10 .10 .010 .14 .1<4 .14 •• 4 .14 .14 .J4 
I'll 8.2 9.6 15 14 1.4 1.S 6.8 S ... 5.9 S.9 4.1 .2B .19 .12 .13 .19 .17 .11 
Sb .11 .J:t .21 .19 .10 .11 .10 .076 .os.' .083 .OS7 .007 .005 .004 .004 .OOS .OOS .004 
7..., ~,~ .t! 6.4 6.0 :\.2 ;\·Z 2.' 2.) 2.5 2.~ 1.8 ,U, ·n ,08 .09 . .11 .to .08 

rinehl.ll'Sl A'I .09 ,09 .(}9 .09 ,03 .04 .04 ,OS .06 .06 .03 .002 .001 .001 .001 .001 .001 .001 .001 

Cd .26 .26 .26 .26 .08 .13 .12 .16 .19 .19 .11 .014 , .012 .000 .009 J,I09 .007 .007 .00.1 
OJ .It .Il .It .Il .06 .06 .06 .OS .06 .04 .02 .003 .OOJ .002 .002 .002 .001 .oot .001 
Ph 6.1 6.1 6.1 6.t :4.1 :\.4 :\.6 1.7 .U 2.1 1.1 .16 .14 .09 .10 .to .08 .08 .045 
Sb .09 .1)9 .09 .09 .0) .04 .04 .OS .06 .06 .04 .002 .001 .001 .001 .001 .001 .001 .Oot 

In .~7 .47 .47 .41 .14 .2.1 1~2 .29 .~4 .14 .20 .O~ .OJ &24 .024 .0lA .0lA .O:M .ott 

Sources: U.s. EPA 1989' 
Cooper (II al. 1980 
Ibgalnl (':1 .III. J 971 
wee 1986 
Dames .t Moore J 989 d 
IDnW 1989. 
t.·ANORAMAS 1986 

e .. ' - ....... f' r t. , .... - - -( .. .. 



.... 
~--- ~ ... . " .. ~ . - '.' . -t:;::l 

TABLE A3.3 (from Protocol Document) 
Estimated Maximum 24-hour Metals Concentrations 

~glm3)J 1'71·1988 

- - -.-

l.ocalion Conl.minan' 1271 1972 1913 1974 1975 '976 1977 1978 1979 1989 1981 1982 1983 1984 1985 1986 1987 1988 

Smd.erville 

Kellogg 

Pinehursl 

Sources: 

As 
Cd 
CU 

I'b 
Sb 

Zn 

As 

Cd 
Cu 
I"b 
Sb 

7..n 

As 
Cd 
Cu 
l'b 
Sb 

Zn 

u.s. ErA 1989' 
Cooper c:t at 1980 
Ragaini ef al. 1977 
WCCJ986 

O.SS 2.02 
0.66 1.41 
2.12 7.74 
14.91 54.50 
0.40 1.41 
15.88 58.04 

:\.47 2.!'iI 
4.0' 2.89 
0.71 O.:iI 
41.80 JUO 
1.67 1.21 

11.74 15.70 

0.71 0.71 
0.97 0.91 
18.75 18.15 
22.30 22.30 
0.89 0.89 
98.32 28.32 

Dame5 eft Moore 1989d 
JDIIW 198911 

1.48 I.SS 
1.18 2.22. 
$.69 7.10 
40.10 50.00 
1.08 1.35 

42.11 53.2$ 

2.90 3.53 
3.35 2.00 
0.59 0.72 

34.90 42.50 
1.40 1.70 

18.1S 22.10 

0.71 O.n 
0.97 0.97 
18.1S 18.15 
22.30 22.30 
0.89 0.89 

96.32 . 98.32 

1.52 1.00 1.10 1.14 0.89 1.2.1 046 0.28 0.07 O.(l:t 0.10 0.01 O.O~ 

1.18 1.94 1 . .18 0.92 1.()6 1.48 OS4 (u.s (UI4 0.02 0 ()6 0.04 0 O~ 
5.85 3.82 4.20 4.39' 3.41 4.7l I.7S 1.09 0.27 0.13 0.40 0.2..0; 0.19 
41.20 26.90 29.60 30.90 24.00 33.30 12.:\0 7.70 1.90 0.90 2.00 1.79 U3 
1.11 0.73 0.00 0.83 0.65 0.90 o.:n 0.21 0.05 0.02 0.00 0.0:; 0.04 

0.88 28.65 3152 ~2.91 25S6 35.46 13.10 3.82 0.94 0.45 1.39 O.~J 0.66 

4.41 2.11 1.87 
3.08 1.54 ).68 
O.W 0.4) 0.38 
Sl.IO 2.~.40 22.50 
2.12 (.02 0.90 

27.61 13.21 11.70 

3.03 2.41 2.2.'1 t.J4 0.06 0.02 0.01 
3.79 l.00 2.61 1.61 0.05 0.02 0.01 
0.61 0.49 0.46 0.27 0051 0.17 0.10 

36.50 2.9.00 27.10 16.10 2.10 0.70 0.40 
1.46 1.16 1.08 0,64 0.04 O.Ol om 

18.98 15.08 14.09 8.31 1.15 O.JR 0.22 

0.02 
cun 
0.14 
0.60 
om 
O.:\) 

0.0:\ 
0.02 
0.21 
1.12 
0.02 
0.61 

002 
0.01 

0.16 

0.67 
0.01 
O.:,n 

0.05 
0.02 
0.19 
1.31 
0.04 
0.66 

0.03 
0.02 
0.24 
1.0t 
0.02 
0.55 

0.50 0.64 0.67 0.69 0.13 0.:\1 0.33 0.026 0.014 0009 o.ot I O.Ot I 0.001 0.007 
0.71 1.24 0.59 IS. 2.16 (.26 0.59 0.006 0.003 0.002 0.002 0.002 0.002 0.002 
1:\.04 16.74 11058 18.25 19.26 8.07 8.58 0.611 0.378 0.2..15 0.286 0.286 0.193 0.19) 
15.50 '9.90 20.90 21.70 22.90 9.60 10.20 0.800 0.450 0.280 0.340 0.340 O.2.lO 0.2.10 
0.62 0.00 0.84 0.81 0.92 0.38 0.41 0.032 0.018 0.011 0.014 0.014 0.009 0.009 
68.34 87.74 92.15 95.6(:1 101.0 42.;0 44.97 3.527 1.984 I.t'5 1.499 1.49') 1.014 1.014 
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Figure A3.1 

1983 Bunker Hill Populated Areas 
Distribution of Lead Concentration in Mineral Soils 

for Smelterville, Kellogg, Wardner, Page and Pinehurst 

25 100 

20 Geometrio Mean::: 1517 pg/gm 80 
Geometric SD::: 3.02 

Minimum = 53 }lg/gm 

Maximum::: 20.700 )lg/gm 

n:= 206 

15 50%ile:::: 1680 )lg/gm 60 
90%ile = 5440 )lg/gm 

62.0% .;:: 500 pg/gm 
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10 40 
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Lead Concentration (}lg/gm) .. - .... - • t. .. .. - .. .. -

a.> ...... 
-/""4 
.;..> 
~ 
a.> 
(') 
r... 
~ 

.I • .. , 
;'1:. 



80 

60 

-+oJ 

§ 40 
o 
u 

20 

o 

.. 
~ 
I,! ,f. 

.. 
Figure A3.2 

1986/1987 Bunker Hill Populated Areas 
Distribution of Lead Concentration in Mineral Soils 

for Smelterville, Kellogg, Wardner and Page 
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Figure A3.3 

1986/1987 Bunker Hill Populated Areas 
Distribution of Lead Concentration in Soil Litter 

for Smelterville, Kellogg, Wardner and Page 

60 100 

50 
Geometric Mean:::: 3000 llg/gm 80 

Geometric SD ::::: 2,10 

Minimum:::: 127 llg/gm 

Maximum:::: 46,500 pg/gm 
40 n::::: 1152 

50%i1e::::: 3230 pg/gm 60 
90%ile:: 6870 pg/gm 

30 
9t1.0% ~ 500 pg/ gm 

91.6% 2! 1000 pg/gm 
40 

20 

* 3 values;> 16,000 pg/gm 20 

10 

• 
o ;uJ;ll:l.lJJlJ.l::.L~1:lll.L.4-lll.Ll..J.:L1JLj;.U.;I.....--l..l-r.1J.---LJ..y..t-;:...---t- 0 

o 4000 8000 12,000 16,000 20,000 

Lead Concentration ()1g/gm) 

V 
'""'" ..... 
..;..l 

~ 
V 

~ 
~ 

......... .. 
! ~: .. - - .. ... . ......... 



14 

12 

10 

8 
-+-> 
~ 
::1 
0 

U 
6 

4 

2 

o 

.. -- . - -
Figure A3.4 

. 1983 Bunker Hill Populated Areas 
Distribution of Lead Concentration in House Dusts 

for Smelterville, Kellogg, Wardner, Page and Pinehurst 
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Figure A3.5 

1988 Bunker Hill Populated Areas 
Distribution of Lead Concentration in House Dusts 

for Smelterville, Kellogg. Wardner and Page 
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t TABLE A4.1 Fugitive Dust Source Identification 
and Characterization (Dames & Moore, 1990a) 

I 
EMISSION Total Emissions 

SOURCE AREA RATE Pb Cd As TSP Pb Cd As 
NUMBER DESCRIPTION (acre) (tons/acre/yr) (ppm) (ppm) (ppm) CTPy) (lbs/yr) (lbs/yr) (lbs/yr) 
==================::=====::===================================================================:========================= 

t' Kellogg Area: 
P01 I90/COA CORRIDOR 158 0.0631 2697 22.6 51.6 10.00 53.94 0.45 1.03 
P02 SUNNYSIDE AREA 134 0.0099 2593 21.6 52.7 1.33 6.90 0.06 0.14 
P03 KELLOGG HIGH SCHOOL 34 0.0265 2614 21.9 54.7 0.89 4.65 0.04 0.10 
P04 OLD TOWNtwARONER 271 0.0071 2800 23.7 50.5 1.92 10.75 0.09 0.19 

I 
P05 VACANT LOT 9 0.0183 19900 30.8 250.0 0.17 6.85 0.01 0.09 
P06 UNDEVELOPED AREA 12 0.0352 1813 17.1 63.9 0.44 1.58 0.01 0.06 
P07 KELLOGG JR. HIGH 24 0.0289 1813 17.1 63.9 0.69 2.48 0.02 0.09 
P08 SHOSHONE APTS. 5 0.0195 49064 47.8 235.0 0.10 9.91 0.01 0.05 _.------- ------------------------------------

I AREA TOTAL 648 15.53 97.05 0.70 1.74 

Smelterville Area: 
Pl0 SMELTERVILLE 90 0.0075 3499 39.4 59.4 0.68 4.72 0.05 0.08 

I 
PH 101. SMELTERVILLE 17 0.0676 3499 39.4 59.4- 1.17 8.19 0.09 0.14 

--------- ------------------------------------
AREA TOTAL 107 1.85 12.91 0.15 0.22 

Pinehurst Area: 

I P12 COA/PINE CR. CONFL. 238 0.0304 11000 NA NA 7.25 159.50 0.00 0.00 
P13 PINE CR. CHANHEL 196 0.0516 1340 NA NA 10.10 27.07 0.00 0.00 
P14 PINEHURST 566 0.0016 500 NA NA 0.89 0.89 0.00 0.00 -------_ ... ------------------------------------
AREA TOTAL 1001 18.24 187.46 0.00 0.00 

(~ . : 
Hillsides: 
U01 Nil HILLSIDE 297 0.0280 704 12.8 39.7 8.31 11.70 0.21 0.66 
U02 Nil HILLSIDE 368 0.0086 843 13.1 46.3 3.16 5.33 0.08 0.29 1- U03 N HILLSIDE 928 0.0261 970 9.1 33.7 24.20 46.95 0.44 1.63 
U04 N HILLSIDE 82 0.0169 807 7.7 31.4 1.38 2.23 0.02 0.09 
U05 N HILLSIDE 61 0.0184 713 11.1 25.3 1.12 1.60 0.02 0.06 
U06 N HILLSIDE 36 0.0144 238 . 7.5 31.7 0.52 0.25 0.01 0.93 
U07 N HILLSIDE 35 0.0431 1300 14.1 34.6 1.49 3.87 0.04 0.10 I. U08 N HILLSIDE 80 0.0196 647 8.7 32.9 1.56 2.02 0.03 0.10 
U09 N HILLSIDE 171 0.0110 1100 13.1 38.7 1.88 4.14 0.05 0.15 
Ul0 N HILLSIDE 92 0.0366 1500 10.8 44.2 3.38 10.14 0.07 0.30 
U11 N HILLSIDE 73 0.0127 1300 10.0 40.2 0.93 2.42 0.02 0.07 1- U1Z N HILLSIDE 136 0.0087 924 9.6 45.9 1.18 2.18 0.02 0.11 
U13 N HILLSIDE 124 0.0050 360 8.4 35.7 0.61 0.44 0.01 0.04 

. ~ 
U14 N HILLSIDE 29 0.0260 1110 6.6 44.8 0.75 1.67 0.01 0.07 
U15 N HILLSIDE 205 0.0201 1030 9.6 37.6 4.13 8.51 0.08 0.31 
U16 NE HILLSIDE 171 0.0078 875 4.6 48.1 1.33 2.33 0.01 0.13 

I_~ U17 HE HILLSIDE 369 0.0146 1100 5.5 104.0 5.41 11.90 0.06 1.13 
U18 NE HILLSIDE 389 0.0088 976 10.0 28.2 3.43 6.70 0.07 0.19 
U19 NE HIL~SIDE 523 0.0249 2150 13.2 35.7 13.00 55.90 0.34 0.93 
U20 SE HILLSIDE 1531 0.0373 2360 12.6 81.0 57.10 269.51 1.44 9.25 

I.,; U21 SE.HILLSIDE 403 0.0451 1830 10.4 34.3 18.20 66.61 0.38 1.25 
U22 S HILLSIDE 188 0.0487 3640 8.4 22.8 9.15 66.61 0.15 0.42 
U23 S HILLSIDE· 162 0.0363 316 8.7 27.2 5.89 3.72 0.10 0.32 U24 S HILLSIDE 154 0.0361 344 7.9 11.0 5.57 3.83 0.09 0.12 
U25 S HILLSIDE 195 0.0632 1110 9.7 29.6 12.30 27.31 0.24 0.73 

I] U26 S HILLSIDE 119 0.0230 293 10.3 24.2 2.74 1.61 0.06 0.13 
· , U27 S HILLSiDE 112 0.0307 142 6.6 37.9 3.44 0.98 0.05 0.26 U28 S HILLSIDE 101 0.0447 171 5.5 26.9 4.53 1.55 0.05 0.24 

U29 S HILL/NEAR SMELTER 103 0.0682 1160 17.7 56.1 7.03 16.31 0.25 0.79 

Il 
U30 S HILL/NEAR SMELTER 102 0.0178 338 8.4 33.4 7.94 5.37 0.13 0.53 
U31 S HILL/NEAR SMELTER 92 0.0364 14400 34.2 193.0 3.36 96.77 0.23 1.30 U32 S HILL/NEAR SMELTER 101 0.0420 866 13.1 56.9 4.25 7.36 0.11 0.48 U33 S HILLSIDE 151 0.0617 375 9.4 18.3 9.'31 6.98 0.18 0.34 U34 S HILLSIDE 244 0.0566 567 11.9 27.4 13.SO 15.65 0.33 0.76 • U35 S HILLSIDE 1SO 0.0465 490 8.7 30.5 8.36 8.19 0.15 0.51 U36 S HILLSIDE 351 0.0305 1490 9.2 32.1 10.70' 31.89 0.20 0.69 U37 S\I HILLSIDE 807 0.0255 722 8.6 35.1' 20.60 29.75 0.35 1.45 U38 S\I HILLSIDE 670 0.0139 307 6.2 29.1 9.34 5.73 0.12 0.54 U39 SII HILLSIDE 746 0.0194 2320 18.2 50.0 14.50 67.28 0.53 1.45 • ---- ____ 0 ------------------------------------:" AREA TOTAt 10684 305.88 913.26 6.72 27.95 

._ Bunker HilL Smelter C~lex: I: U49 NEAR SHOSHONE 31 0.0414 49064 47.8 235.0 1.27 124.62 0.12 0.60 
1 U50 IlTR TRT PLANT 14 0.0390 43400 944.0 1178.0 0.54 46.79 1.02 1.27 , U51 IlAREHOUSE AREA 34 0.0287 232250 11115.0 9533.0 0.97 451.49 21.61 18.53 

U52 BUNKER CR CORRIDOR 43 0.0613 19311 123.0 450.0 2.62 101.19 0.64 2.36 

Ii 



~i 

I 
EMISSION Total Emissions I SOORCE AREA RATE Pb Cd As TSP Pb Cd As 

NUMBER DESCRIPTION (aere) (tons/aere/yr) (ppm) (ppm) (ppm) (TPY) (lbs/yr) (tbs/yr) (lbs/yr) 
===========::======:ssz:a .... s==c===== ____ = ___ =_ =====-:=::z: ==_=:s=====z:====-======::========:===================== .. US3 OLD !!C»4ESITES 25 0.1446 21058 178.3 449.0 3.68 154.99 1.31 3.30 
US4 OLD GYP CHD 25 0.0051 62034 186.0 557.0 0.13 15.88 0.05 0.14 
US5 FS SHELT COMPLEX 99 O~O161 172400 7560.0 3586.0 1.60 551.68 24.19 11.48 
u56A NEAR GOV GULCK 54 0.0650 5660 43.6 100.0 3.52 39.85 0.31 0.70 
U568 NEAR GOV GULCH 43 0.0835 6270 66.9 107.0 3.59 45.02 0.48 0.77 
U57A ZH PLT Ca4PLEX 40 0.0911 5630 181.0 300.0 3.67 41.32 1.33 2.20 

I U57S ZN PLT Ca4PLEX 16 0.0923 1810 81.3 SO.O 1.46 5.29 0.24 0.23 
U57C ZN PLT Ca4PLEX 39 0.0425 6016 243.0 352.0 1.66 19.97 0.81 1.17 
UnA S NEAR SMELTER 131 0.0358 2600 24.5 51.8 4.70 24.44 0.23 0.49 
urn S NEAR SMELTER 73 0.0271 12700 107.0 231.0 1.99 50.55 0.43 0.92 

I u72e SE NEAR SMELTER 63 0.0302 3780 21.7 160.0 1.91 14.44 0.08 0.61 
U720 SE HEAR SMELTER 18 0.0289 3710 245.0 90.7 0.53 3.92 0.26 0.10 
U73A SE NEAR SMELTER 123 0.0341 2010 15.1 43.8 4.20 16.88 0.13 0.37 
U73B Sf NEAR SMELTER 64 0.0297 1710 11.9 46.7 1.90 6.50 0.05 0.18 

.... _------.. ------------------------------------ I AREA TOTAl. 936 39.94 1714.81 53.27 45.41 

Smeltervitle Flats! 
lJ4D 190 R.O.II. S 0.0691 515 15.8 41.3 0.55 0.56 0.02 0.05 

I lJ4'1 190 R.O.W. 8 0.0433 1040 19.2 67.7 0.34 0.71 0.01 0.05 
lJ42 190 R.O.W. B 0.0242 1370 23.1 60.0 0.19 0.52 0.01 0.02-
U43 190 R.O.W. 8 0.0138 849 15.2 82.9 0.12 0.20 0.00 0.02 
lJ44 190 R.O.II ... 7 0.0248 1680 lS.0 106.0 0.18 0.60 0.01 0.04 
US8 COA CHAN NO'9O 71 0.0570 10000 NA HA 4.04 SO.SO 0.00 0.00 

I US9 tIHFOR LUMBER 35 0.0574 13667 193.0 198.0 2.03 55.49 0.78 O.SO 
1160 curooo~ THEATER SO 0.0700 9188 57.0 226.0 5.62 103.27 0.64 2.54 
U61 AIRPORT AREA 218 0.1626 15964 51.0 209.0 35.40 1130.25 3.61 14.80 
U62 fOREST PROOUCTS 140 0.1190 17362 63.0 269.0 16.70 579.89 2.10 S.98 
U63 COl. Cit NO OF AIRPORT 147 0.0140 6148 28.0 277.0 2.06 25.33 0.12 1.14 I U64 FAIRGROUNDS 27 0.0598 12105 27.0 119.0 1.61 38.98 0.09 0.38 

.. _------. ------------------------------------
AREA iOTA1. 758 68.83 20'6.60 7.39 28.82 

Page Pond: _I U65A II PAGE SWAMP 56 0.0219 13654 44.7 76.0 1.22 33.32 0.11 0.19 
U65. E PAGE SIoIAHP 56 0.0000 0 0.0 0.0 0.00 0.00 0.00 0.00 
1166 SHY GRAVEL PIi 14 0.0900 6000 NA NA 1.29 15.48 0.00 0.00 
1167 PAGE POND DIKES 49 0.1208 4348 39.0 202.0 5.94 51.65 0.46 2.40 I U68 SOUTH FORlC STP 38 0.0000 0 0.0 0.0 0.00 0.00 0.00 0.00 

----.---. ------------------------------.-----
AREA TOTAL 213 8.45 100.45 0.57 2.59 

CentraL l~t Area: I 11691. CIA 8EACHES 97 0.1093 1102 26.0 896.0 10.60 23.36 0.55 19.00 
U698 CIA DIKES 65 0.0529 12170 74.0 386.0 3.44 83.73 0.51 2.66 
U7D GYPSUM POND/DlKES 56 0.1074 2162 24.0 188.0 6.00 25.94 0.29 . 2.26 
un SlAG PIU: 49 0.1218 10738 192.0 463.0 5.93 127.35 2.28 5.49 I --------. -------------------_._--------------
AREA TOTAL 267 25.97 260.39 3.63 29.40 

Piles: 

"I 81 " Of CONe BLDG 0.003 0.0351 49000 866.0 5780:0 0.00 0.01 0.00 0.00 
HZ II Of CONC BlDG 0.092 0.1272 30900 587.0 776.0 0.01 0.72 0.01 0.02 
fI3 CROSBY POINT 0.110 0.0817 61100 1520.0 11200.0 0.01 1.10 0.03 0.20 
H4 MAGNET GULCH STOlt 0.690 0.0963 396000 14900.0 t06OO0.0 0.07 52.59 1.98 t4.08 
85 NORalO BAGROOSE 0.018 0.1071 370000 20500.0 122000.0 0.00 1.46 0.08 0.48 ,-tI6 BLAST FURN AREA 0.230 0.0338 497000 4710.0 16600.0 0.01 7.72 0.07 0.26 
N7 BLAST fUR» BLDG 0.003 0.0331 135000 776.0 7000.0 0.00 0.03 0.00 0.00 
H8 BOOlEVARD AREA 5.517 0.0732 90400 831.0 13500.0 0.40 73.04 0.67 10.91 
H9 WliEELABRAiOR SAGIiSE 0.014 0.1805 472000 54400.0 160000.0 0.00 2.35 0.27 0.80 

I !tl0 CO PLANT TANKS 0.026 0.0366 293000 42000.0" 9490.0 0.00 0.57 0.08 0.02 
H11 CELL RCOf 1.379 0.0102 20800 27.3 80.6 0.01 0.58 0.00 0.00 
N12 SWEEHEY POW C1.EARCUT 0.230 0.0731 159000 26700.0 3740.0 0.02 5.34 0.90 0.13 
1t13 STORAGE AREA II P8 SHEL T 0.690 0.0183 315000 8610.0 9900.0 0.01 7.94 0.22 0.25 

--------. ----------_.------------------------ I AREA TOTAL 9.003 0.55 153.46 4.31 27.14 

=-==: ===================~===============~ 
ENTlRE SITE TOTAL 14622 485.24 5456.40 76.74 163.26 "' 
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FIGUREA4.1 Fugitive Dust Source Area Identification 
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Figure A4 .. 2 

LargeSt Fugitive Dust Sources Ranked by Total Cadmiurp Emissions _I 
scmt1: AREA TSP Pb Cd As I 

NUMBER OESCUPTlOH [acrel 'tonsl%l"~ 'lbsl~2 

US5 PS SMELTER CCMPUX 99_ 1.6 552 24.2. 11.S 
US1 IlAREROOSE AREA 34 1.0 451 21.6 18.5 I 
U61 AIRPORT AREA 218 35.4 1130 3.6 14.8 
un SLAG PILE 49 5.9 121 2.3 5.S 
U62 FOREST PROOUCTS t40 16.7 sao 2.1 9.0 
H4 MAGNET GULCH STORAGE 0.1 0.1 53 2.0 14.1 
\120 Sf HILLSIDE 1531 51.1 Z70 1.4 9.3 I 
US7A ZH PANT COMPLEX 40 3.1 41 1.3 2..2 
U53 OlD HOMES IT!S 2S 3.1 155 1.3 3.3 
USO IlA Tat 'fREA THENl PLANT 14 0.5 41 1.0 1.3 I 
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Figure A4.3 

Largest Fugitive Dust Sources'Ranked by Cadmium Emission Rate 

stuRCE AREA TSP Pb Cd As 
NUMBER OESCRtPTtOH ,acre} ,tonslacrelXr} •• ,lbslacrel~rl - -

H9 VHEELABRATOR BAGHOUSE 0.01 0.18 170.42 19.64 57.77 
H5 MORBlO BAGHOOSE 0.02 0.11 79.27 4.39 26.14 
H4 MAGNET GULCH STORAGE 0.69 0.10 76.25 2.87 20.41 
H6 BLAST FURNACE AREA 0.23 0.03 33.60 0.32 1.12 
lf12 SUEEHEY POND CLEAROUT 0.23 lU7 23.24 3.90 0.55 
H10 CO PLANT T ANICS 0.03 0.04 21.46 3.08 0.69 
US1 \lAREHOUSE AREA 33.85 0.03 13.34 0.64 0.55 
H8 BOULEVARD AREA ' 5.52 0.07 13.24 0.12 1.98 
H13 STORAGE AREA \I PS SMELTER 0.69 '0.02 11.51 0.l1 0.36 
li3 CROSBY POINT 0.11 0.08 9.98 0.25 t.83 



Figure A4.4 

i 

Largest Fugitive Dust Sources Ranked by Total Arsenic Emissions 

SClJRrE AREA TSP Ph Cd As 
N~iR D§SCIHPTIOH {aere} 'tonsl~rl ,lbsa:r-l 
U69A CtA BEAClfES 97 10.6 23 0.6 19.0 
US! WAREHOOSC AREA 34 1.0 451 21.0 18.5 
U61 AIRPORT AREA 218 35.4, 1130 3.6 14.8 
84- HAGNET GUt.CIf STORAGE 0.7 0.1 S3 2.0 14.1 
US5 PS SMELTER COMPLEX 99 1.0 552 24.2 11.5 
HB BOOLEVARO AREA 6' . 0.4 73 0.7 10.9 
U20 SE HILLSIDE 1531 57.1 270 1.4 9.3 
U62 FOREST PRmucrs f4D 16.7 580 2.1 9.0 
un SlAG PILE 49 5.9 127 2.3 5.5 
uS] QU) HCW£SJTES 25 3.7 lSS t.3 3.3 
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Figure A4.S 

Largest Fugitive Dust Sources Ranked by Arsenic Emission Rate 

SCXJRCE AREA TSP Pb Cd As 
NUMBER DESCRIPTION ,acre~ 'tonslacre~rl - - ,lbslacrel~r~ - -

H9 ~HEELABRATOR BAGHCXJSE 0.01 0.18 170.42 19.64 57.77 
H5 NORBlO BAGHCXJSE 0.02 0.11 79.27 4.39 26.14 
H4 MAGNET GULCH STORAGE 0.69 0.10 76.25 2.87 20.41 
H8 BCXJLEVARD AREA 5.52 0.07 13.24 0.12 1.98 
H3 CROSBY POINT 0.11 0.08 9.98 0.25 1.83 
H6 BLAST FURN AREA 0.23 0.03 33.60 0.32 1.12 
H10 co PLANT TANKS 0.03 0.04 21.46 3.08 0.69 
U51 IJAREHCXJSE AREA 33.85 0.03 13.34 0.64 0.55 
H12 SlJEENEY POND CLEARCXJT 0.23 0.07 23.24 3.90 0.55 
H7 BLAST FURNACE BUILDING 0.00 0.03 8.93 0.05 0.46 
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TABlE M.2 I 

QJUY DATA FROI DAMES , JIOalE MY 1990 - .. TABLE 2.1 SOIL LOSS aJ4PUTATlIJIS USIJlG UStE 

DRAINAGE TOTAL 
AREA AREA SOIL lOSS LOSS 
NO. (acres) (tons/acre{yr) (tons/year) I ======= __ :0::=====::=::::==::::=:==---====--=== 

1 129.3 36 4663 
2 188.2 83 15670 
3 166.4 31 5164 I 4 87.0 58 5062 
5 218.9 53 11560 
6 122.9 114 14043 
7 473.6 63 30030 

I IS 109.4 39 4281 
9 222.1 100 22263 

10 115.2 174 20039 
11 124.2 226 28067 

I 12 36.5 213 7791 
11 51.2 195 9959 
14 49.3 173 8551 
1S 59.5 210 12513 
16 96.6 96 9301 t 17 165.1 S4 8974 
18 121.6 240 29184 
19 164.5 152 24954 
20 134.4 81 10884 t 21 103.0 254 26197 
22 163.8 228 37342 
23 206.0 359 73857 
24 42.9 329 14133 

eI 25 185.0 347 64156 
26 177.9 136 24151 
27 143.4 108 15430 
28 2t7.0 192 41633 

I 29 165.1 49 8166 
lOa 73.0 17 1210 
lOb 25.0 35 876 
30c 69.1 56 3876 

31 149.8 24 3568 I 32 118.4 177 20964 
33 98.6 16 1533 
34 249.6 84 20964 
35 149.1 112 16702 

I 36 91.9 16 1604 
37 151.0 32 4813 
38 105.6 19 1973 
39 60.2 65 3908 

I 40 82.6 11 1402 
41 78.1 19 1505 
42 110.7 100 11052 
43 121.6 40 4809 
44 125.4 25 3156 I 45 37.8 14 534 
46 SO.6 31 2516 
47 262.4 13 3312 
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TAStE M.2 (Ccntinued) 

rulLY DATA FRCIC DAMES' JIXJRE MY 1990 -
TABLE 2.1 SOIL LOSS a:JFUTATlONS USUiG USLE 

DRAINAGE TOTAL 
AREA AREA SOIL LOSS LOSS 

NO. (acres) (tons/aere/yr) (tons/year) 
&======::=======z====a ••• ==================== 

48 98.6 77 7551 
49 124.8 Z9 3570 
50 90.6 34 3087 . 51 147.2 13 1982 
52 156.2 38 5969 
53 169.6 43 7260 
54 117.1 35 4063 
55 57.2 26 1487 
56 60.8 14 877 
51 51.2 11 . 872 
58 21.5 15 405 
59 64.0 15 958 
60 46.1 19 859 
61 89.0 14 1216 
62 30.1 38 1134 
63 84.5 23 1936 
64 57.6 33 1910 
65 117.8 33 3915 
66 42.9 33 14Z9 
67 146.6 31 4492 
68 78.1 48 3770 
69 237.4 48 11347 
70 26.9 43 1154 
71 53.1 25 1334 
72 186.9 51 9495 
73 1ZO.3 27 3292 
74 177.9 34 6069 
75 111.4 76 8458 
76 110.1 42 4618 
77 166.4 39 6567 
78 49.3 213 10480 
79 220.8 2 521 
80 310.4 1 458 

10115.5 6535 820891 



, Figure A4.6 .. Gully Erosion Area IdentiOcation 

e ..... .. .. - - .. .. t. - - - _ .. -



I 
I 
{' 
I 
I 
I 
I 
I~ 

I 
I. 
I~ 

I.~ 

I ··; 
·W 

[ 

l 
I 

!; I
,: 

,-
I 

TABLE M.3 

EXISTING AND ANTICIPATED DEPTHS AND TOP VIDTHS OF GULLIES 
USING ESTIMATED VALUES OF D50 

Maximum Depth of Incision Top ~idth at Maximum Depth 
(ft) Cft) 

=========================== =========================== Estimated Age 
GuUy Measured At Anticipated Measured At Anticipated of Gully 

Designation Present after 50 years Present after 50 years (years) 
----------- -------------- -------------- -------------

DG-1 7.5 10.7 19 19 * 70 
DG-2 6.5 13.3 19 22 * 38 
MG·1 6.0 23.3 19 21 13.5 
MG·2 4.0 10.0 5 17 25 
GE" 5.0 29.1 20 26 8 
GE·2 7.5 30.0 ** 24 41 2.4 
GE·3 4.0 14.7 10 21 14 
GE·4 3.5 10.6 8 20 19 
GE·5 4.0 7.1 6 12 44 
GS" 5.5 22.7 9 23 12 

----------------------------------------------------------~---Q_------------------------------
* Estimated values plus the standard error of estimate 
** An unrealistically large value of 137.5 ft was obtained using the 

~irical equations. It is anticipated that rock may be encOU'ltered at 
8 depth of about 30 ft whereafter gully erosion may cease. Therefore, a 
value of 30 ft has been used for Dmax. 

TABLE M.4 

APPROXIMATE \/OllJIES Of GUllY EROSICII 

Gully 
Designation 

Erosion Under 
Existing 

Conditions 
(cft)* 

Anticipated 
Erosion After 50 
Years FrCIA the 

Present 
(cit)* 

Additional 
Erosion OVer and 

Above the 
Existing Condition 

(cft)* 

* -

DG-1 
DG-2 
MG-' 
MG·2 
GE-1 
GE-2 
GE'3 
GE-4 
GE-5 
GS-' 

1,496 
1,894 
4,845 

273 
2,533 

22,680 . 
547 
266 
196 
998 

eft a cubic feet 

2,568 
5,813 

23,439 
3,003 

31,323 
167,280 ** 

6,421 
3,017 

872 
16,516 

1,072 
3,919 

21,594 
2,730 

28,790 
144,600 ** 

5,874 
2,751 

676 
15,518 

The empirical equations result in unrealistically nigh erosion for 
this gully. The volumes of erosion shown pertain to a maximum gulty 
depth of 30 feet. It is .anticipated that rock may be encountered at 
this depth. Thereafter gully erosion may cease. 
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Figure A4.7 - Location of Gullies Evaluated by Dames & Moore, 1990 
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Table AS.1 

Market Basket Intakes (mg/kg/ day) for' Historical Scenario(lI) 

X£ru: ~ ~ Ai 

1971·71 0·6 5.6 X 10" 1.8 x 10.3 

1978·84 7·13 3.2 x 10" 1.1 x 10" 

1985·87 14·16 8.1 X 10'S 4.4 X 10'" 

1988·95 17·24 7.4 X to,S 5.0 X 10'" 

1996·01 ·25·30 6.9 X to,S 5.6 x 10'" 

2002·30 31·59 6.1 x IO,S 5.6 x 10'" 

2031-41 60-70 6.6 x 10'S 5.6 X 10'" 

Time Weighted Average Int8ke 1.4 x to4 7.0 x 104 

(a) Values do not include drinking water or beverage intakes. 
(b) • No data available. 

Intake bI Chemicall mglkgldaI 

{d! !&. I!l! fig 

1.4 x to·3 Jb) 4.0 X 10.3 6.7 X 10.5 

8.2 X 10'" 2.3 X 10.3 S.s x 10'S 

2.3 x 10'" 6.1 x 10" 4.4 x 10.5 

2.1 X 10'" S.7 X 10'" 4.7 x 10'S 

1.9 X 10'" S.2x 10'" S.O x 10.5 

1.8 X 10'" .5.1 x 104 4.9 x 10'S 

1.6 X to'" 4.8 x 10'" 4.8 x 1O,S 

3.S x 10'" 9.9 x 104 S.O x 10'S 

- - -.- -

Z.n Weigh! 

1.0 X 10.3 6 

6.1 X 10'" 7 

2.2 x 10'" 3 

2.1 X 10'" 8 

1.9 x 10'" 6 

1.7 X 10'" 29 

1.5 x 10'" 11 

2.9 X 10'" 70 



Table A6.2 
Market Basket Intakes (rug/kg/day) for Current Scenario' 

I 
Intake b)( Chemical, mgttBlda~ 

:rear ~ §t! AI s;!I £I! ~ liB Zll ~Veight 

1983 1 S.ldO'" S.4dO'" 4.7x 10'" 5.2l(: 10" 1.9 x 10.3 5.4 lC 10" 5.8 x 10'" 1 

1984 1. 3.5 x 10'" 9.4 x 10'" 5.6 x 10'" 4.5 x 10" 1.8 x 10.3 1.0 x 10'" 5.7 X 10'" 1 

1985·95 3-13 5.8 x 10" 6.9 x 10'" 3.9 x 10-4 3.1 x 10.5 1.2 X 10,3 7.2 x 10" 3.9 x 10-4 11 

1996·98 14-16 8.1 x 10.5 4.4 x 10'" 2.3 X 104 1.1 x 10" 6.1 x 10'" 4.4 x 10,5 2.2 x 10" 3 

1999·06 17·24 7,4 x to,S 5.0 x 10'" 2.1 X 104 1.7 x 10·$ 5.7 x to-4 4.7 x 10·$ 2.1 x 10'" 8 

2007·12 25·30 6.9 x 10.5 5.6 x 10-4 1.9 x 104 1.6 x 10,$ S.2 x 10-4 5.0 x 10·$ 1.9 x 10'" 6 

2013·41 31-59 6.7 x 10.$ 5.6 x 104 1.8 x 104 1.S x 10'5 5.1 X 104 4.9 x 10.5 1.7 X 104 29 

2042·52 60·70 6.6 x 10·$ 5.6 x 10'" 1.6 x 104 1.4 x 10·$ 4.8 x lO-4 4.8 x 10.5 1.5 X 104 11 

Time Weighted Average Intake 7.7li: 10·$ 5.7 x 10'" 2.3 X 104 1.9 x 100s 6.7 x 10'" 5.2 x 10" 2.2 X 10'" 70 

• Values do not include drinking water or beverage intakes • 

-~-------~* • ..... _ ..... c_ ... ___ .... _________ ~_-::....:-=_..:-=__=-=_~-=_ ...... .r _ -
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TableA5.3 
Estlmated bally Intakes (ug/day) from Market Basket Food' 

~ Sb(a) 

4.6 

2 4.6 

14·16 4.6 

25-30 4.6 

60-65 4.6 

Sources: (a) Iyengard. 1987. 
(b) US FDA. 1988. 
(e) USFDA. 1986b. 

As(b) 

4.9 

12.2 

23-27.7(d) 

31·45.3 

35.2·43.8 

1982-1984 

Intake b~ Chemical, uglda~ 

Cd(b) - Cu(c) 

4.2 0.47 

7.3 0.58 

10.6-15.4 0.77-1.2 

10.6·15.4 0.93-1.2 

9.6-12.7 0.86-1.2 

(II) Where a range is given. the lower value is for females and the higher for males. 

Values do not include drinking water or beverage intakes. 

Eb~! Hg(b) 

16.7 0.49 

23 1.3 

28.7-41.3 2.4-2.6 

29.6-40.9 2.9-3.9 

30.4-37.6 3.1-3.6 

- .... - .. 

~ 
S.2 

7.4 

9.9-15.6 

9.6-16.2 

8.5-12.6 
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Table AS.4 I 

Metals Concentrations (ppm, wet wt.) in Local 
Garden Vegetables versus Market Basket Produce 

MeanIMaximum .. 
Cd· Pb Zn 

Root Crops (Beets, Carrots): 
Areas 1 & 2 (1983) 1.5/4.2 4.5124.6 29.4/133 
Area 3 (1983) 0.45/1.3 2.2/9.2 14.7/61.9 
National Survey (1979-80) .0.003/0.07 .0.03/0.11 -27/5.2 

(198Q.82) 0.02/0.03 0.04/0.38 2.1/2.9 
(1982-84) 0.03/0.15 0.04/0.17 2.815.1 

I 
I 
I 

LeafY Vegetables (Lettuce, Spinach): 
Areas 1 & 2 (1983) 1.8/6.6 6.1/15.5 27.5/75.1 
Area 3 (1983) 1.2/2.8 3.5/8.3 27.7/55.8 
National Survey (1979-80) 0.01/0.02 0.1/0.17 5.8/11 

- (198Q.82) 0.03/0.06 0.02/0.07 2.3/3.6 
(1982-84) 0.05/0.49 0.03/0.14 2.9/6.4 

I 
I 

Sources: USFDA, 1985, 1986a-b, and 1988. 
I 

PHD et al., 1986. _I 
I 
I 
I 
I 
I 
I 
I -. 

'" 
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Table AS.S 
M~tals Concentrations (ppm, wet wt.) in 

Tap. Water and Fish 
Mean/Maximum 

Cd Pb 

Columbia River (whole fishi8
) 0.1 0.34 

0.3 2.6 

All N ationa! Pesticide Monitoring 0.11 0.34 
Stations (1976n7)(a) -
Lake Coeur d'Alene (1985)(a) 0.13 0.80 . 

0.37 3.3 

Drinking Water (tap; IDHW 1976- <2p.gIL <10 p.gIL 
1985) 

Source: ATSDR, 1989. 

Zn 

2,242 p.gIL 



TABlE AS.6 

PRELIMINARY GRtJIIDtAlER DISSOLVED tETAlS CflICEffTRATIOItS 

Groundwater Mean Concentrations (pg!L) 
Sb As Cd Pb JIg 

Pinehurst (no representative data available) 

Kellogg (wells: BH-2. 00-25. 
GR-44# GR-52) < 50 5 38 81 '< 0.2 

Smelterville (wells: GPT-l. 
GPT-2. GR-l. GR-28. GR-32) < 50 14 247 175 < 0.2 

Background: Northern Idaho 
(Parliman et al •• 1980) 1.5 6 8.5 -0 

Zn 

8,380 

11.000 

810 

I 
I .. 
I 
I 
I 

_I 
I 
I 
I 
I 
I 
I 
I -. 
I 
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Table AS.1 

High Wind I!:vent Air Metals Concentrations (11g/m3), 1987 
(ror all days between 7/1/87 and 10/30/87 [10 am·6 pm] when TSP ~ 150 f1wm3) 

Mean/Maximum 1 

% days, 
TSP ~ 150 Ilglm3 TSP As Cd Cu Pb Sb Zn 

Smelterville 7 203 0.020 0.015 0.17 1.00 0.05 2.45 
(1 sampler) 822 [089 0.062 0.49 8.59 0.08 7.42 

Kellogg 4-8 147-181 0.017-0.087 0.011-0.044 0.07-0.20 0.38-2.40 0.03-0.14 2.10-3.44 
(5 samplers) 690-904 0.131-0.625 0.058-0.237 0.17-0.76 287-15.46 0.05-0.40 6.15-14.09 

. 
Pinehurst 11 200 0.008 0.002 0.20 0.22 0.02 1.50 
(1 sampler) 589 0.014 0.002 0.44 ill 0.02 6.79 

BOIT793/018.51/jms 
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I TableA6.1 

Percentile Distributions for Childhood (ages ,,9;yn..) 
Blood Lead Levels at Bunker Hill 

{' Percentile Distributions 

Blood Lead 1974 1975 198O(a) 1983 1988 1989 1990 
LeveI.~g!dl (0=572) (n=699) (n=450) (n=364) (0=228) (0=275) (n = 362) 

I 1 0.5 0.3' 
3 6.4 
4 0.8 18.4 12.0 18.8 

I 
S 3.0 24.6 15.3 28.4 
6 5.8 34.6 23.3 37.8 
7 0.2 9.9 42.5 31.6 47.2 
8 0.4 14.0 48.2 38.2 56.9 
9 19.5 54.8 44.0 63.0 

I 10 26.4 65.8 50.5 69.9 
11 0.2 1.1 33.2 73.2 56.0 75.1 

! 12 0.1 2.2 39.8 76.3 64.4 81.2 
13 0.3 3.8 44.8 SO.7 68.4 85.1 

I 14 6.0 50.8 84.6 74.2 88.7 
15 0.4 9.1 56.6- 81.7 71.1 91.2 
16 1.1 12.7 60.4 89.9 81.5 92.8 t: , 
17 1.4 15.1 64.6 92.1 83.3 94.5 

I~' 
18 2.9 19.6 10.1 94.7 89.1 95.9 

_19 03 3.3 22.9' 73.6 95.6 90.5 96.7 
20 1.0 4.4 27.8 183 94.5 97.8 
21 1.2 53 32.0 80.5 96.1 95.6 98.3 
22 1.6 6.9 37.1 81.9 96.4 98.9 

I~ 
23 1.9 8.9 42.2 85.4 96.5 97.1 99.4 
24 3..0 11.0 46.2 863 96.9 
25 3.7 13.9 52.2 88.2 97.4 97.5 99.7 
26 5.1 16.6 54.7 90.1 97.8 97.8 

Ie 27 73 18.0 59.3 91.2 
28 9.1 20.6 61.8 92.0 98.2 98.2 
29 11.2 23.3 66.0 93.1 98.5 
33 12.6 263 70.7 94.0 98.9 100. 

Ir- 31 15.2 30.5 75.1 95.3 
32 17.5 33.9 77.1 96.2 
33 19.1 37.8 79.8 96.4 i.o+ 
34 21.9 40.1 81.8 96.7 
3S 243 43.8 83..6 97.3 

I~ . 36 25.9 46.1 853 97.8 
37 30.1 48.6 87.6 98.6 98.7. L 38 32.0 51.8 88.4 99.3 
39 34.3 55.5 90.0 99.1 

III 40 36.5 58.4 90.9 99.2 99.6 
41 38.6 61.2 92.0 99.6 100. 
42 41.6 64.7 93..1 
43 44.4 67.5 95.1 99.5 

I[ 44 46.9 69.7 95.8 
45 48.4 72.S 100. 
46 50.7 75.5 96.4 
47 52.6 77.8 
48 55.2 79.4 97.1 I'p 49 56.1 SO.7 97.6 !: 

t. so 57.9 82.5 97.8 ib: 51 59.6 83.5 
52 61.0 85.6 98.2 

II 53 63.5 86.7 
54 65.6 88.1 
55 67.1" 90.1 100. 
56 68.7 91.3 98.4 
57 70.3 91.8 99.1 If 58 71.9 93.1 99.8 ''-, 

59 72.7 93.7 , 60 74.1 93.8 
61 76.2 94.7 

I[ 



Blood Lad 
Level, ,u.g/dl 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
14 
7S 
76 
77 
7S 
79 
80 
82 
83 
84 
8S 
86 

88 
89 
90 
91 
92 
93 
94-
95 
96 
97 
98 

100 
102 
107 
It» 
111 
114 
120 
129 
134 
l36 
143 
164 

1974 
(n=S72) 

77.4 
79.0 
80.1 
8l.3 
82.Z 
82..9 
84.3 
85.1 
80S 
88.3 
89.0 
89.9 
90.6 
90.7 
91.3 
91.8 

<¥Z.7 
93.5 
93.9 
94.2 
94.4 
94.8 
95.3 
95.6 
95.8 
%.0 
%.2 
%.5 
%.7 
%.9 
97.0 
97.2 
97.4 
97.7 
97.9 
98.3 
98.6 
~ 
99.0 
99.1 
99.3 
99.5 
99.7 

99.8 
100. 

Table A6.1 (Conrinued) 
Percentile Distributions for Childhood (ages " 9 yrs.) 

Blood Lead Levels at Bunker HUI 

1915 
(n=699) 

95.0 
95.3 
96.1 
%.6 
%.7 
97.3 
97.4 
98.3 
98.6 
98.9 
99.0 
99.3 

99.4 

99.6 

99.9 

100. 

Percentile Distributions 

100. 

1988 
(n=228) 

Soun:e: IDHW Progmm'Files 
(1I) F« children ages ..::. 12 yeatS. 

1989 
(n=27S) 

1990 
(n = 362) 

I 
I .. 
I 
I 
I 
I 
I 
,I 
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I 
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Figure A6.1 

1974 Bunker Hill Populated Areas Blood Lead 
Distribution for Children < 9 Years of Age 

Geometric Mean = 46.7 llg/dl . 
Geometric SD = 1.45 

Minimum = 11 ).lg/dl 

Maximum = 164 ).lg/dl 

n = 572 

50%ile = 46 ).lg/dl 

100% ~ 10 llg/dl 
99.6% ~ 15 Ilg/dl 
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Figure A6.2 

1975 Bunker Hill Populated Areas Blood Lead 
Distribution for Children :s 10 Years of Age 

Geometric Mean = 37.1 )lg/dl 

Geometric SD::: 1.39 

Minimum::: 12 )lg/dl 

Maximum = 136 IJg/dl 

n::: 699 

50%ile ::: 38 )lg/dl 

100% .?!. 10 J.lg/dl 
99.7% .?!. 15 )lg/dl 
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figure A6.3 
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1980 Bunker Hill Populated Areas Blood Lead 
Distribution for Children $. 12 Years of Age 
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Figure A6.4 
1983 Bunker Hill Populated Areas Blood Lead 

Distribution for Children :s 9 Years of Age 

Geometric Mean == 14.1. ).tg/dl 

Geometric SD == 1.67 

Minimum == 1 pg/dl 

Maximum == 45 ).tg/dl 

n == 364 

50%ile == 14 pg/dl 

80.5% .2: 10 )lg/dl 
49.2% .2: 15 pg/dl 
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Figure A6.5 

1988 Bunker Hill Populated Areas Blood Lead 
Distri bu tion for Children < 9 Years of Age 

Geometric Mean :::: 8.4- pg/dl 

Geometric SD :::: 1.72 

Minimum :::: 4 Ilg/dl 

Maximum:::: 55 pg/dl 

n:::: 228 

50%ile :::: 9 pg/dl 

45.2% .? 10 )lg/dl 
15.4% 1:;.15 p.g/dl 
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Figure A6.G 
1989 Bunl<:er Hill Populated Areas Blood Lead 

Distribution for Children :$ 9 Years of Age 

10 
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Geometrlc Mean = 9.9 pg/dl 
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-'- --

Geometric SD = 1.71 

Minimum = 3 pg/dl 

Maximum = 41 Jlg/dl 

n::: 275 

50%ile::: 10 JIg/dl 

56.0% 2: 10 JIg/dl 
25.8% ? 15 JIg/dl 

40 

- - -

100 

80 

60 (\.) 
....-4 .,... 
+-> 
~ 
(\.) 
C) 
~ 

4·0 ~ 

20 

50 

- .1'_ -



- ~ I~Q~ - - - -rr:~ - ~ 
l:! r; 

70 

60 

50 

c 
P! 
~ 40 
0 
'0 
'-

~ 30 
E 
::J 
Z 

20 

10 

- - - r - - - .. -..........., ..rt .. t •. ~ ........ '" , . , . '1 .;..;.' 
4 .. , t 

FIGUREA6.7 
1990 Bunker Hill Populated Areas Blood Lead 

Distribution for Children ;5.10 Years of Age 

Geometric Mean = 7.8 Jlg/dl 
Geometric SD = 1.65 
Minimum = 1 ~g/dl 

Maximum = 30 Jlgl dl 
n=362 

50%i1e = 8 J.1g/ dl 

37.0%,a 10 J.1g/dt 
11.3% :;:: 15 J.1g1 dl 
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AppendixB 

Hanson Memo 
June 20, 1990 

EPTox Characterization of Residential Soils at the Bunker Hill Superfund Site 
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CECIL D. ANDRUS 
, GQ\I<lmO< 

RICHARD P. DONOVAN 
0;_ 

State of Id; ) 
DEP;\RT;\rlENT OF HEALTH i\ND vVELFARE 
Division of Environmenral Qualiry 

June 20, 1990 

MEMORANDUM 

TO: 

FROM: 

File ~_ 

Rob Hans~n< tf 

450 W. State Street 
Boise, Idaho 83720 

SUBJECT: EPTOX 'Characterization of Residential Soils at the 
Bunker Hill Superfund Site 

Introduction 

Residential soil at the Bunker Hill Superfund Site has been found 
to be contaminated with heavy metals originating from smelting 
and mining activity in the Silver Valley. As part of the Removal 
Action, soils will be removed from residential yards and replaced 
with uncontaminated soil. The removed soil will need to be 
disposed in an appropriate repository. However, before a 
repository can be properly designed, a determination needs to be 
made relative to the hazardous nature of the soils. 

Hazardous waste characteristics are determined pursuant to 
criteria in the .Resource Conservation and Recovery Act (RCRA), 42 
U;S.C. §6921, as amended, and are specifically identified from 
analytical results obtained from the extraction procedure 
toxicity (EPTOX) test 40 CFR Part 261.24. If the soils are found 
to exhibit specific hazardous waste characteristics and are 
thereby classified as a hazardous waste, they will need to be 
disposed in a RCRA Subtitle C landfill. If the soils are not 
determined to be a characteristic hazardous waste, a less 
stringent landfill design is required. . 

Residential soils that will be placed in the repository will be 
mixed with soils from several different yards. The mixture of 
soils removed from the properties is considered a "Solid Waste" 
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under RCRA and must be evaluated to determine whether it is a 
RCRA hazardous waste. Two different sets of soil samples were 
analyzed for EPTOX metals for the purpose of characterizing the 
hazardous nature of residential soils at the Bunker Hill Site. 
The results of these analyses are discussed below. 

Discussion 

The first sample set was selected to ensure that EPTOX results 
would represent a conservatively high estimate of any hazardous 
characteristic of the residential soil. The top 6 inches of 23 
soil cores taken during the 1987 soil core sampling program were 
used for this analysis. The 23 cores were selected from the 40 
soil cores collected. Cores with the highest total lead (Pb) 
levels (based on portable X-ray fluorescence analyses) from 
Kellogg, Smelterville, Pinehurst, Wardner, and Page were selected 
for EPTOX characterization. Of the cores selected, eight were 
collected in Kellogg, six from Smelterville, and three from each 
of the other three communities. Three samples with total Pb 
concentrations below 1000 mg kg-1 were also analyzed for EPTOX 
metals. 

The arithmetic mean EPTOX Pb value for' the 23 samples was 4600 ug 
L-1

• The geometric mean value was 1500 ug L-1
• Both 

concentrations are below' the 5000 ug L-1 El?TOX critical level. 
Three individual samples did exceed the 5000 ug Pb L-1 

concentration. The concentrations for these samples were' 8560, 
5720, 49,800 ug' L-1 (Table 1). All other metal analyte (arsenic, 
barium, cadmium, chromium, mercury, and selenium) concentrations 
were also below the EPTOX critical levels with many even below 
instrument detection limits. Further information on soil core 
analytical results are reported in the Bunker Hill Soil Core Data 
Summary Report (in draft). 

Since the mean Pb values were below the EPTOX critical level, the 
data indicate that a mixture of residential soils would not be a 
characteristic hazardous waste. This assumes that thorough 
mixing occurs during the removal and disposal operation. {A 
solid waste, as defined in §261.2, is a hazardous waste if it is 
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a mixture of a solid waste and a hazardous waste that is listed 
in Subpart D solely because it exhibits one or more of the 
characteristics of hazardous waste identified in Subpart C, 
unless the resultant mixture no longer exhibits any 
characteristic of hazardous waste identified in Subpart C (40 CPR 
261.3 (a) (2) (iii») (emphasis added). 

The second sample set consisted of soil samples taken just prior 
to the 1989 emergency soil removal action. Two composite samples 
consisting of the 0-6 and 6-12 inch increments from 22 
residential yards were taken and analyzed for EPTOX metals. 
Composites were used to characterize the hazardous nature of 
mixed residential soil. The Pb analytical result for the 0-6 
inch increment was below the detection limit of 500 ug L -1. The 
Pb concentration for the 6-12 increment was 3500 ug Pb L-1

• 

Results for all other metals were below the EPTOX critical levels 
and were also below instrument detection limits indicating very 
low leachable metal concentrations in the soil. These results 
provide further evidence that the top 0-6 inc~ layer of 
residential soil does not exhibit RCRA hazardous waste 
characteristics. Results also show that the 6-12 inch increment 
does not exhibit hazardous characteristics. 

Conc~usion 

Analytical results ·from EPTOX tests show that soil wastes 
resulting from removal of the top 6 or 12 inches of soil from 
residential yards at the Bunker Hill Superfund site are not a 
RCRA characteristic hazardous waste. Therefore, a Subtitle C 
·landfill will not be required to safely dispose of waste soils. 



Table 1. EPTOX analytical results for the 23 -soil cores taken from Kell099, Smelterville~ 
Pinehurst, Wardner, and Page. 

Metal Analyte 

~alllnli! AI H~ t1~ QI Ell Hg ~i . f\9 

. -----------~-----~--------~----~-U9 ~1---------------------------------
1 NO 340 15 NO 179 NO NO NO 
2 NO 276 4 NO 250 NO NO NO 
:1 NO 232 27 NO 4040 NO NO NO 
4 NO 505 303 NO 4140 NO NO NO 
5 NO 472 230 NO 4660 NO NO NO 
6 NO 322 81 NO 3280 NO NO NO 
7 NO 517 75 NO 1620 NO NO NO 
.8 NO 414 19 NO 566 NO NO NO 
9 NO 790 192 NO 4040 NO NO NO 
10 NO 670 163 NO ,4600 NO NO NO 
11 NO 416 28 NQ 457 NO NO NO 
12 NO 626 6 NO 244 NO NO ND 

NO 1310 152 
.. 

NO 4280 NO NO NO 13 
14 NO 962 34 NO 313 . NO NO NO 
15 NO' 473 158 NO 3690 NO NO NO 
16 . NO 856 25 NO 161 NO NO NO 
17 NO 865 72 NO 3830 NO NO NO 
18 NO 759 138 NO 8560 NO NO NO 
19 NO 484 125 NO 3820 NO NO ND 
20 NO 915 31 NO . 156 NO NO NO 
21 NO 213 12 NO 82 NO NO NO 
22 NO 579 85 NO 5720 NO NO NO 
23 NO 160 234 NO 49800 NO NO ND 

NO concentration below the instrument detection limit 

iPTOX ~Iitic~l Levels Cyg L"') 

As, Cr, pb, I\g 5000 
8a 100,000 
Cd, Se 1000 
fig 200 

-"l'!j ..#- - - - - - _ .. - - - - - - -'- -
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Appendix C 

Evaluation and Testing of the Integrated 
Uptake/Biokinetic Dose-Response Model for Lead 
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Appendix C. Evaluation and Testing of the Integrated Uptake/Biokinetic 
Dose-Response Model For Lead 

The integrated uptake/bio~etic (IU/BK) dose-response model for lead has been used by the 

U.S. EPA Office of Air Quality Planning and Standards (OAQPS) to determine the National 

Ambient Air Quality Standard (NAAQS) for lead, and is being considered by the EPA 

Environmental Criteria and Assessment Office (BCAO) as a method for determining 

site-specific cleanup levels for lead contaminated soils and dusts. 

The model consists of two parts; an integrated uptake portion and a physiological response 

(biokinetic) portion. Total lead uptakes are predicted for children by integrating (summing) 
, , 

uptakes associated with various exposure pathways. Critical exposure pathways for children 

include: 

• ingestion of contaminated residential soils and dusts, including interior house dusts, 

• consumption of contaminated food and water, and 

• inhalation of contaminated air particulate matter. 

Age-specific intake factors are applied to each of the exposure pathways for estimating media 

and consequent lead intakes. Lead uptakes (absorbed lead) are then estimated by multiplying 

each of the media-specific intakes by an age-specific absorption/deposition coefficient. 

PbUT(total} = PbUT(ak) + PbUT(diet} + PbUT(soil) + PbUT(dust) 

where: PbUTm = lead uptake from media m 

= AC . x PbIT m.t m 

ACm.i - age-specific physiologic absorption coefficient for each medium m 

PbIT m = lead intake for each medium m 

= (media lead concentration) x (intake factor) 

The biokinetic, or physiologic response, portion of the model predicts an' age-specific mean 

C-l 



blood lead concentration from total lead uptake using a linear relationship between absorbed 

lead and blood lead at levels of uptake from 10 to 100 p.g Pb/day. The linear response 

coefficients are age dependent and expressed in terms of age-specific reciprocal clearance 

rates or blood lead response coefficients (Harley and Kneip; 1985). 

BI-Pbi = PbUT(total) X CK1 

where age-specific reciprocal clearance rates (CR-!) are: 

age (yr): 1 2 3 4 5 6 7 8 9 10 
CR-I (day/dO: 0.291 0.404 Q.366 Q.350 0.363 0.345 0_325 0.248 0.232 0.260 

LinearitY and greatest predictive power of the biokinetic portion of the model is at blood lead 

levels less than 30-40 p.g/dl; progressively greater uptakes are required to yield equal and 

successive incremental increases in blood lead levels above 30-40 p.g/dl. This relationship of 

reduced slopes between blood lead level and intake at higber blood lead levels may be due to 

nonlinear renal clearance, distributional non-linearities due to differences in lead binding sites 

in different tissues, andlor to a sizeable pool of mobile lead in bone maintained independently 

of uptake (U.S. EPA,198ge). 

Total population distributions are described by a.log normal distribution curve defined by a 

mean blood lead response, for all ages of concern, and an observed or selected geometric 

standard deviation (GSD). As a result, the model is able to predict what percentage of 

children have blOOd lead levels (BI-Pb) above or below a chosen cutoff value. 

The model is flexible and allows the use of site-specific input data as well as default values 

for critical input parameters. A test of model sensitivity to input parameters has shown that ' 

in most environments, including Bunker Hill, where residual lead contamination is' associated 

with soils and dusts, the critical input parameters are dietary lead intake, soil and duSt 

ingestion rate, gastrointestinal absorption of lead, and the variance in blood lead response (in 
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terms of the geometric standard deviation about the mean blood lead) (Hoffnagle 1988; u.s. 
EPA,1990e). Site-specific epidemiological data is applied here to test and validate critical 

input parameters to the IU/BK dose-response model for lead. 

Assumptions or Default Values Used In the U.S. EPA/OAQPS 
Integrated Uptake/Biokinetic Dose-Response Lead Model 

Age <yr): 0-1 1-2 2-3 3-4 4-5 5-6 6-7 

Time spent outdoors (hr/day): 1-2 1-3 2-4 2-5 2-5 2-5 2-5 

Ventilation rate (~/day): 2-3 3-5 4-5 4-5 5-7 5-7 6-8 

Average GI Absorption Rate 
for Dietary Lead(X): 42-53 42-53 30-40 30-40 30-40 30-40 18-24 

Dirt Ingestion Cmg/day): 0-85 80-135 80-135 80-135 70-100 60-90 55-85 

Indoor: OUtdoor Air Lead = 0.3 - 0.8 
Time spent outdoors by children is approximately 25% of waking hours. 

GI Absorption of Lead in Soil/Dust = 25-30% 
Airborne Lead Absorption/Deposition = 42% 

The following analysis is accomplished to determine and evaluate site-specific values for use 

in the IU/BK dose-response model in order to ,accurately reflect site population characteristics 

and behaviors, and to permit accurate predictions of population response to environmental 

lead levels in order to evaluate' with 'confidence selected remedial alternatives and cleanup 

goals. 

Total mean lead uptakes for the childhood population can be determined using age-specific 

mean blood l~d concentrations and age-specific lead clearance rates. 

PbUT(total) - BI-Pb/(Biokinetic Response Coefficient) - BI-Pb x CR 

A comparison of mean blood lead concentrations for each age category (from Figures Cl 

through C6) to biokinetic response coefficients (biokinetic response coefficient = reciprocal 

clearance rate (CKl» shows a high degree of correlation. As an example, Figure C7 

C-3 
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Figure C1 

1974 Blood Lead Summary Statistics 
by Age for Children < 9 Years 
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Figure C2 

1975 Blood Lead Summary Statistics 
by Age for Children < 10 Years 
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Figure C3 . 

1980 Blood Lead Summary Statistics* 
by Age for Children < 12 Years' 
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Figure C6 

1989 Blood Lead Summary Statistics 
by Age for Children 9 Years 
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. figure C7 

Bunker Hill Populated Areas, 

1988 Geometric Mean Blood Lead and 

H&K Biokinetic Response Coefficient by Age 
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presents 1988 mean blood lead levels and biokinetic response coefficients by age. The mean 

daily absorbed lead at 2 years of age is 26.2 j.Lg/day (10.58 j.Lg/dl x (0.404 day/dIrl) and at 8 

years of age is 25.1 p.g/day (6.22 p.g/dl x (0.248 day/dIrt). The similarity in lead uptakes at 

2 and 8 years of age suggests that the primary factor controlling blood lead levels is lead 

metabolism and not behavior, since behavior is expected to be different between the ages of 

2 and 8 years. A scatter plot of 1988 childhood (for ages S 9 years) mean blood lead levels 

versus biokinetic response coefficients is presented in Figure C8 along with a linear 

regression line. The slope for the linear regression represents the mean daily lead uptakes 

(p.g/day) for children. Daily lead uptake (mean daily absorbed dose) appears to be fairly 

constant for children S 9 years of age. Data not on the line may be due to natural variability 

in monitoring and differences in mean childhood behaviors (such as ingestion rates and GI 

absorptions). A review of the data does not show a dependency of mean yard soil or house 

dust lead concentrations with age. 

Mean lead uptakes in terms of daily absorbed lead (J.Lg/day) are estimated, .similar to the 

example for 1988 above, for the total site childhood population and for each of the 

communities (Smelterville, Kellogg/Wardner/Page, and Pinehurst) by year where blood lead 

survey data is available. Childhood lead uptakes (absorbed lead in j.Lg/day) are estimated by 

linear regression analyses of mean blood lead levels against reciprocal lead clearance rates 

(blood lead response coefficieJ1.ts). Linear regressions for determination of mean lead uptakes 

are presented in Table Cl. Calculated slopes which are representative of daily absorbed lead 

are low relative to real uptakes when mean blood lead levels are greater than 30-40 j.Lg/dl; 

thus the calculated mean daily uptakes greater than approximately 100 p.g/day, for example 

for total community, Smelterville and KellogglWardnei/Page in 1974 and 1975, are expected 

to be low estimates relatiVe to actual values (U.S. EPA,198ge)~ Childhood mean daily 

absorbed lead for each community is graphically presented in Figure C9. Mean lead uptakes 

since 1974 are greatest in Smelterville and least in Pinehurst. Childhood blood lead levels, 

in general, decrease with increasing distance from the smelter facility for the period 1974 

through 1989. Since 1974, mean lead uptakes in Smelterville have been approximately 30% 

greater than for children in KeUogglWardnerlPage. Children (ages S 9 years) in Smelterville 

C-ll 



Figure C8 

Bunker Hill Populated Areas, 

1988 Geometric Mean < Blood Lead for Ages < 9 Years 

vs H&K Biokinetic Response Coefficient 
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Year 

1974 

1975 

1980 

1983 

1988 

1989 

TABLE Cl . 
Linear Regressions for Determination of Mean Lead Uptakes 

Blood Lead, ugldl = Daily Absorbed Lead, uglday x (Oearance Raterl
, day/d) + error 

I 

Mean Dail~ Lead Unlakel ugLda~ (errorLr/p} 
Total Communit)! Smelterville Kellogg!Wardner/page 

> 125 (5.6/.95/.00004) > 179 (6.4/.96/.000009) > 127 (5.2/.95/.00002) 

> 100 (4.7/.95/.00002) > 114 (8.0/.90/.0001) > 100 (4.4/.95/.00002) 

71 (4.4/.91/.0003) 85 (4.6/.93/.0002) 68 (4.2/.91/.0003) 

38 (1.6/.93/.0001) 51 (2.8/.82/.003) 45 (0.9/.95/.00005) 

26 (0.11/.96/.00001) 40 (0.9/.55/.10) 25 (0.0/.95/.0005) 

30 (0.33/.93/.0001) 39 (0.2/0.87/.001) 30 (0.08/.91/.0003) 

r == correlation coefficient 
p == probability of error associated with r 

Pinehurst 

89 (4.5/.94/.00004) 

92 (1.5/.96/.00001) 

27 (2.0/.83/.003) 



: Figure C9 
Childhood Mean Daily Absorbed Lead 

By Year for Smelterville, Kellogg/Wardner/Page and Pinehurst 
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exhibited approximately 70% greater lead uptakes, and in Kellogg/Wardner/Page about 40% 

greater lead uptakes, than for the population in Pinehurst during the same period. 

Greatest lead uptakes occurred during a period in the mid-1970s when industrial activity and 

emissions associated with smelter operations were high. Mean lead uptakes and consequent 

blood lead levels in Smelterville for the period 1974 to 1980 were found to be highly 

dependent on and strongly correlated with mean air lead levels. Uptakes in 1983 following 

smelter and mill closure decreased to approximately 54% of levels in 1980 just prior to 

closure. Following the institution of a comprehensive community health intervention 

program in 1984, uptakes were further reduced by 26% and appear to have become 

somewhat constant. An apparent increase in lead uptake is exhibited in 

KeUogglW.ardner/Page between 1988 and 1989 . 

Total lead uptake is due to uptake contributions from each of four primary environmental 

media: air, diet, soil and dust. Table C2 shows total lead uptake as a summation of the 

uptakes associated with each of the critical environmental media. Site-specific input 

parameters for the uptake portion of the integrated uptakelbiokinetic dose-response model are 

determined by application of the fonnulas presented in Table C2. Lead uptakes due to air 

and diet can be accurately predicted. However, there is less certainty associated with 

standard estimates of soil and dust lead uptakes, and the detennination of such requires 

careful application of site-specific epidemiologic data. Lead levels in National market basket 

food have been declining over the years due to decreased emissions from automobile and 

point sources, lower lead levels in water, and less use of lead soldered food containers. 

Daily dietary lead intakes (stglday) from National market basket food consumption for 

1980-1989 from U.S. FDA total diet studies (U.S. EPA.1990e), not including water intakes, 

are as follows: 

age eyr' 1980 81/82 82!B4 84£86 86/88 88/89 

6-month-old 34 20 17 10.1 4.1 4.8 

2-year-otd 43 30 23 13.3 5.3 5.0 

C-15 



where: 

TableC2 
Equations for Lead UP~ 

--
PbUT(total) = PbUT(air) + PbUT(diet.) + PbUT(soll} + PbUT(dwst) 

where: PbUT ::; mean lead uptake from media m. m 

Pb UTe . ) = ~ n. x [Pb-air1 x VR. x 0.42 
mr L..J 1 1 

N 

PbUT(d" ) ... "n. x DAG. x BW. x (MBl. + 0.31 ug/kg/day) 
let .L..Jl 1 1 1 

N 

PbUT ,_oil) + PbUT (dwst) = 

IR{S/D) X AC(S/D) X" nj x ([Pb-soilli X (l • MPF j ) + [Pb~ustli X MPFj ) 

L..J N' 

= (IR(S/D) X AC(S/D) X Weighted [Pb-soil/dustl 

U
1 

... number of children at age i 

IPb-airj "'" air lead concentration, ug/m3
• Table 4.13 

VR, ... age-specific ventilation rate, m$/day, Table 7.3 

0.42 ... inhaled lead particulate absorption/deposition 

N = total number of children ... 1: nj 

DAC. "" age-specific dietary lead absorption coefficient, Table 8.8 
I 

BW
i 

.. age-specific body weight, kg. Table 7.3 

MDI. ... age-specific Market Basket lead Intake~ ug/kg/day. Tables 1.12-7.14 
1 

031 us/kg/day "'" chronic daily intake for lead in current site drinking water, Table 7.11 

IRCSlD) ... mean soil/dust ingestion rate~ gm/day (mg/day x 10.3 gm/mg) 

ACeS/D) ... mean soil/dust lead GI absorption coefficient 

[Ph-soHli ... mean residential yard soil lead concentration. ug/gm, for age group i 
IP~ustli - mean house dust lead concentration. ug/gm. for age group i 

MPFi - age-specific medium partition factor for house dust. Table 7.4 

IR(S/D} x AC(S/D) x 103 mg/gm:o Soil/Dust Lead Dose Coefficient, mg/day 

All referenced Tables are from Protocol document. 
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Figure C4 

1983 Blood Lead Summary Statistics 
by Age for Children < 9 Years 
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· Figure C5 

1988 Blood Lead Summary Statistics 
by Age for Children < 9 Years 
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Lead uptake due to soil and dust ingestion is a product of the mean soil/dust lead 

concentration, ingestion rate and the lead 01 (gastrointestinal) absorption coefficient. Soil 

and dust lead concentrations are measured, whereas the ingestion rate and GI Pb absorption 

coefficient require calculation. Both the ingestion rate and 01 absorption coefficient are 

dependent on several site-specific factors, such as site climate and meteorological conditions, 

dust loadings, form and chemical species of lead contaminated solids, the presence of other 

associated metals competing with lead absorption, general population socioeconomic and 

nutritional status, and lead bioavailability. Therefore, consideration of site-specific 

influences on these factors are required to yield accurate model predictions. For this reason, 

the mean blood lead response is over-predicted for the Bunker Hill residential population if 

the default parameters recommended in the ECAO model for soil/dust ingestion rate and lead 

01 absorpt!.on coefficient for soil/dust are applied (see Section 8.2.2.2.3 of the PD). 

The soil/dust ingestion rate and lead 01 absorption coefficient cannot be determined 

independently of each other using site data; however, the product of the two terms can be 

calculated and is expressed as the soil/dust lead dose coefficient. The ingestion rate can be 

estimated if the absorption coefficient is known or is assumed to be a constant, or vice versa. 

The saWdust lead dose coefficient is determined as follows: 

where: 

SoillDust Lead Dose Coefficient (mg/day) = IRCSlD) x AC(SlD) 

IRCSlD) X AC(SlD) - PbUT{total) - PbUT(ak) - PbU1{dict) X 1<Y mg/gm 

Weighted [Pb-soil/dust] 

Values for PbUT(toIal) are from Table CIt by year. The terms are defined in Table C2 and 

values for each of the remaining terms are presented by year and community in Table C3. 

Di~tary lead intake estimates for National market basket food consumption for 1988 and 1989 

are presented above; public water supply lead concentrations are less than detection levels 

and assumed to be approximately 5 p.gIL. 
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TABLEC3 

, Lead Uptakes for Determination of Soil/Dust Lead Dose Coefficient 
(Mean for chi1dr~n .s 9 years of age) 

Total Daily Dietary Uptake, Air Uptake, Weighted SoillDust 
Uptake. SWda, u.s1da, u,glda),: CJ:!mcnts:atiun& ugld~ 

1974 
Total population > 125 23.0 25.8 5108 
Smelterville > 179 22.8 31.6 9473 
Kellogg/Wardner/Page > 127 23.1 31.0 5389 

1975 
Total population > 100 23.1 . 16.0 3242 
Smelterville > 114 23.7 19.6 3812 
Kellogg/Wardner IPage > 100 23.4 16.7 3939 

1980 
Total population 71 ' 15.5 14.1 2338 
Sme1terville 85 15.1 14.9 3370 
Kellogg/Wardner IPage 68 15.6 13.7 2962 

1983 
Total population 38 10.0 0.4 1823 
Smelterville 51 10.4 0.5 3524 
KeUogglWardner/Page 45 10.0 0.4 2469 

1988 
Total population 26 3.6 0.3 1923 

'Smelterville 40 3.6 0.9 2009 
~/VVardner/Page 25 3.6 0.3 2052 

1989 
Total population 30 3.5 0.3 1921 

Smelterville 39 3.5 0.8 2061 

Kellogg/Wardner/Page 29 3.5 0.2 2090 

e ..... .. _: .. .. .. .) till .. ..-.... .. .. . ',I 

.' 

SoillDust Lead Dose 
Cuefficient. mgld~ 

> 14.9 
:> 13.2 
> 13.5 

> 18.8 
:> 18.6 
:> 15.1 

17.9 
16.4 
13.2 

14.9 
113 
13.9 

11.0 
17.6 
10.3 

13.6 
16.8 
12.1 

.. -"- ... 
:Lt.t 
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Figure CIO graphically presents mean daily absorbed lead (in p.g/day) and soil/dust lead dose 

coefficient (in mg/day) for children ages ~ 9 years of age for the entire community surveyed 

since 1974. Reductions in mean lead uptake prior to 1984 can be attributed primarily to 

decreases in media lead concentrations. Between 1975 and 1983, lead uptakes were reduced 

by 60-70%, when only a 20% reduction in the soil/dust lead dose coefficient was observed. 

Mean lead uptake and blood lead level reductions between 1983 and 1988 were 

approximately 32% when the·decrease in soil/dust lead dose coefficient for the same period 

was approximately 27%. Since 1983, reductions in mean lead uptake follow v~ry closely 

the reduction in the soil/dust lead dose coefficient. Reductions in mean blood lead levels for 

area children since the 1970s are associated with decreased lead 01 absorption and/or 

soil/dust ingestion rates, which may be a result of media intake reductions due to decreased 

contamina~ dust loadings, decreased bioavailability of lead, interim remediation in the 

residential areas, and/or improved hygiene and public awareness of lead exposures in the 

community. Some of these factors are dependent on the differences in media and site 

characteristics associated with operating versus nonoperating smelter facilities . 

A comparison of the soil/dust lead dose coefficients for Smelterville versus those for 

KellogglWardner/Page since 1974 are presented in Figure Cll. Smelterville children exhibit 

an average 20% greater lead dose coefficient since 1974 than children in 

KellogglWardner/Page. This difference could be attributed to greater dust loadings, lead 

bioavailability andlor exposures to other (more contaminated and noncharacterized) soils and 

dusts in Smelterville. Also, the decrease in the soil/dust lead dose coefficient in Smelterville 

since 1975 was considerably less than that obServed for KellogglWardfler/Page: - 0% for 

Smelterville versus - 21 % for KellogglWardner/Page. The community-wide reduction for 

the soil/dust lead dose coefficient displayed in Figure CIO is due to the reduction in 

KeUogg/Wardner/Page and not affected by Smelterville children •. The mean soil/dust lead 

dose coefficient for Smelterville children was 1.7 times that for Kellogg/Wardner/Page 

children in 1988 and approximately 1.4 times greater in 1989. 

The community-wide mean soil/dust lead dose coefficient for children ages S 9 years in 1989 
. \ 
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yields a mean soil/dust ingestion rate of 68 mg/day, if a 20% Gl absorption rate is assumed 

[13.6/0.2 = 68]; and a 13.6% Gl absorption rate is derived assuming a soil/dust ingestion 

rate of 100 mg/day {13.6/100 = 0.136]. During facility operations, a 20% GI absorption 

rate for lead in soil and dust was associated with a mean soil!dust ingestion rate of 94 
mg/day [18.810.2 = 94]; and an 18.8% lead GI absorption rate was associated with a 

soil/dust ingestion rate of 100 mg/day U8.8IlGO = 0.188]. The mean Gl absorption 

coefficient and soil/dust ingestion rate for children :s 9 years of age living near an operating 

smelter in East Helena, Montana are reported to be 0.28 and 82 mg/daYt respectively (U.S. 

EPA" 198ge). These are also the recommended absorption and ingestion rates in the OAQPS 

dose-response model, which yield an equivalent mean soil/dust lead dose coefficient' of 23 

mg/day [0.28 x 82 mg/day1 for children :s 9 years of age; a product that is more similar to 

that observ~ at this site during smelter operations, but greater than that observed under 

current conditions. The difference could be attributed to differences in the factors presented 

above that control soil! dust ingestion and lead Gl absorption rates. 

Extreme soilIdust lead dose coefficients were determined to be greater than 73 mg/day and 

56 mg/day in 1988 and 1989, respectively. These were estimated for children exhibiting the 

greatest community blood lead level for each of the two years, which was in Smelterville for 

both years. Their daily lead uptakes were calculated and followed by a determination of the 

uptakes associated with soil and dust; 

73 mg/daY{19S8) = «55 pg/dl x (0.366 day/dlp _YeaNlJd)-l) - 4.2 Pg/daY(dict +.air» 

x U¥ mg/gm/2009 pg/gm, and 

56 mg/daY{l989) - ({41 pgldI x (0.345 day/dl(6-year-old»'1) 4.3 Pg/daY(dict + air» 

x UY mg/gml2061 p.g/gm • 

Assuming a 20% soil/dust Pb OI absorption, ex~me soil/dust ingestion rates are determined 

to be approximately 365 mg/day [73 mg/day/0.20] and 280 mglday [56 mg/day/O.20] for 

1988 and 1989, respectively. Extreme soil/dust Ph dose coefficients for 1974 and '1975 are 
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estimated to be approximately 53 mg/day for a l-year-old and 77 mg/day fot a 2-year-old, 

respectively; both children from Smelterville. Soil/dust Pb dose coefficients for children 

exhibiting the greatest blood lead levels (in Smelterville) during the period 1914-1989 are 

similar; whereas the typical response, in terms of the mean soil/dust Pb dose coefficient, 

decreased approximately 22% for the average child (in KellogglWardner/Page) during the 

same period. These results suggest that exposure intervention to contaminated soil and dust 

for both the extreme and typical child in Smelterville between 1914 and 1989 has not been as 

effective as for the typical or mean child in other parts of the communfty. 

Another way to account for extreme blood lead levels, other than increased or extreme 

ingestion rates of average concentration soil! dust, is by the intake of extreme concentration 

soil/dust at community mean ingestion and absorption rates. For 1988 and 1989, the TWA 

lead concentration for soil/dust would have to be 8,000 to 10,000 /Lg!gm at the community 

mean soil/dust lead dose coefficient in order to yield the observed extreme blood lead levels. 

These soil and dust lead concentrations are within the 93 to 99 percentile concentration range 

for soils and house dusts observed at the site. Regardless of the cause of extreme childhood 

blood lead levels observed in the community, whether due to greater than average soil and 

dust ingestion rates or extreme media concentrations, or both, reductions in lead uptake for 

the extreme child are expected to result from the lowering of both the mean and extreme soil 

and dust lead levels. 

Validation of the Integrated UptakelBiokinetic Dose-Response Model 

Validation of the integrated uptakelbiokinetic dose-response model for lead is accomplished 

by comparing the cumulative distribution function described by the predicted blood lead level 

and population variance with that of the observed distribution. This procedure is similar to 

that applied for validation of the model by the U.S. EPA with East Helena data (U.S. EPA, 

19898) • 

Model validation is accomplished for children S 9 years of age for 1983 and 1989. Figure 
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Cl2a shows that for 1983, application of a soil/dust lead dose coefficient of 14.9 mg/day 

yields a predicted distribution, indicated by the smooth line, similar to the observed 

distribution. The line in Figure C12a is described by a predicted mean blood lead of 12.3 

J-tgJdl and a 1983 geometric standard 4eviation (GSD) of 1.67. Discrete data points represent 

the observed distribution which is the same as that plotted in Figure A6.4 in Appendix A 

(observed geometric mean = 14.1 "gJdl). A closer fit for mean blood lead is achieved 

when an 18.0 mgfday soil/dust lead dose coefficient is applied to yield a 43 "g/day mean 

lead uptake. A comparison of the predicted to the observed blood lead distributions for 1989 

is presented in Figure C12b. The predicted distribution (smooth line) for children .s 9 years 

of age is defined by a mean blood lead of 9.8 "gJdl and a 1989 geometric standard deviation 

of 1.71. The observed distribution is shown by discrete data points with a geometric mean 

of 9.9 "gJei! (summary statistics for 1989 chil~ood blood lead levels are presented .in Figure 

A6.6 in Appendix A). An inexact fit of the line to observed data at the distribution extremes 

shows some deviation of observed data from a log-normal distribution. 

Model sensitivity to the effects of applying a range of medium partition factors (MPFs) for 

outdoor: indoor partitioning of soil and house dust exposures was examined and found to 
. , 

slightly affect the predicted mean blood lead value. Environmental and health survey data 

for 1988 were selected for this evaluation since it is representative of current conditionsjO no 

estimates or extrapolations are required for any of the environmental concentration input 

parameters, and the relative difference in the mean concentrations for soils and house dusts 

were greater than for other recent years. Thus, any effect on model results is expected to be 

greatest for the current population using 1988 data. Age-weighted partition factors 

(presented in detail in the PD and used in the generation of results presented in FigUres Cl2a 

and b) were tested against the constant Blood Lead Partition Analysis ratio of 60/40 

(soil/house dust). Application of the former (age-weighted) ratio yields a predicted mean 

blood lead that is approximately 6% less than the observed value for children .s 3 years of 

age, and 15% lower than the observed mean following application of a constant 60/40 ratio. 

This indicates that for children ~ 3 years of age an age-weighted soil/dust partition· factor (in 

this case 22nS) more accurately predicts the blood lead distribution than for a fixed 60/40 
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F1GURE ell 

Comparison of 1983 Observed Childhood Blood Lead Distributions to 
Those Predicted by Integrated Uptake/Biokinetic Dose-Response Model* 
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• Line represents predicted distribution and discrete points represent observed data. 

Note: Includes children ages :s 9 years. 



ratio for direct soil and dust exposures. This analysis is also consistent with the observation 

that younger children spend a greater percentage of their time indoors than outside. The 

difference in model predictions, while discernable, is not considered large. 

In conclusion, the integrated uptakelbiokinetic dose-response model for lead can accurately 

predict mean blood lead response when appropriate environmental media lead concentrations 

and site-specific input parameters are selected. Blood lead variances for the site population 

are approximately log-nonnally distributed, and a population geometric standard deviation 

can be applied to the predicted mean blood lead value to estimate an observed distribution. 

Application of the dose-response model with site-specific input parameters has been 

demonstrated to predict blood lead levels for the site population over a range of 

environmental conditions. The integrated uptakelbiokinetic dose-response model for lead 

with use of appropriate site-specific input parameters is suitable for determining remedial 

goals and for the evaluation and selection of remedial alternatives. 
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APPENDIX C, ATTACHl\:IENT 1 

Considerations for Prediction of Post-Remedial Blood Lead Response 

Site-specific GSDs for blood lead distributions describe the total variability associated with 

observed childhood blood lead levels. Two primary terms contribute to the observed GSDs; 

biological and physiological variabilities in lead absorption and blood lead response 

(biokinetics), and the variability in environmental media lead concentrations and childhood 

population exposures. Population blood lead variability in terms of a population blood lead 

GSD following remedial activities could be predicted to be different than recently observed 

site values. Depending upon the type and extent of remediation in the Populated and Non­

populated Areas of the site, the dismbution of and range in environmental lead 

concentrations and consequent population exposures could be narrowed and result in a 

lowering of the total variance predicted for community blood lead response. Consideration 

for application of a GSD less than a site observed value would be dependent upon the final 

selection and implementation of site remedies. Considerations for selection of a post­

remediation blood lead GSD would include: a) the range and variability in final 

environmental contact media lead concentrations, b) potential for future increases in media 

lead concentrations due to any remaining lead contaminated sources, c) long-term 

effectiveness of remediation, and d) change "and diversity 'in behavioral characteristics for 

future populations at the site. Population blood lead GSDs reported in other studies 

(Battelle 1990) include a value of 1.42 from the NHANES II, 1.25 to 1.30 for homogeneous 

populations with a single source of lead exposure, and 1.53 to 1.59 for heterogeneous 

populations with diverse sources. It has been suggested that a plausible ftworst case" value 

for inter-individual variability in a homogeneous environment is a population blood lead GSD 

of 1.53. As a result, a range has been applied in the development of Table 7.1 to show the 

effects of variance (GSDs) on predicted blood lead response. Use of higher GSDs would 

require lower cleanup levels for protection of public health. 

. 
The selected clean-up leveI(s) for soil/dust is only one of several factors that determine the 

mean lead concentration levels in residential soil and house dust following remediation, 



which are presented in Table 7.1. Community mean soil and house dust lead conce~trations 

are also dependent on the replacement soil lead concentration and the existing (prior to 

remediation) distribution of lead in residential soils and house dust. Figures C13 and C14 

illustrate the relationships between these three factors (clean-up level, replacement soils 

concentration and existing distribution of lead concentrations) for residential soils and house 

dusts. respectively. Figure C 13 shows the transformation of the existing mineral soil lead 

concentration distribution for the community (including Smelterville, Kenogg, Wardner and 

Page) when a 1000 p.g1gm (ppm) cleanup threshold is applied and soils are replaced with 

soils of 100 p.glgm lead. A geometric mean solliead concentration of 131 p.g/gm would be 

attained with an associated range of 53 to 1000 p.g/gm. Approximately 11 % of the 

residential soil lead concentrations would exceed or be equivalent to 500 p.glgm. A similar 

transformation in the distribution of house dust lead levels is illustrated in Figure C14 as an 

example. The application of a 500 pglgm dust lead cleanup threshpld and concomitant 

residential soil lead replacement level of 100 p.glgm (yielding an effective house dust lead 

replacement! maintenance concentration of 100 /lglgm) yields a community geometric mean 

house dust lead concentration of 109 p.g/gm with a range of 69 to 500 p.g/gm. A fourth 

factor which will control lead levels in residential soils and house dust fonowing remediation 

is long-term recontamination by fugitive dust sources. These analyses assume perrilanence in 

the replacement soil! dust lead concentrations and do not consider the effects ~f 

recontamination of remediated properties: 
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Figure C13 

Transformation of Distribution 

of Lead Concentration in Mineral Soils 

a. 1986/87 distribution for Smelterville, Kellogg, Wardner and Page 
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Figure C14 

Transformation of Distribution 

of Lead Concentration in House Dusts 

a. 1988 distribution for Smelterville. Kellogg. Wardner and Page 
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AppendixD 

. Status of the Integrated Uptake/Biokinetic Model for Lead as of August 1, 1990 
by J. David Walker 
OERR/HSEDrrm 
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Status of the XU/BE Hodel for Lead as of August 1, 1990 

summary based on summer 1990 work 

by 
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For questions contact: 
J. David Walker 
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status of IU/BX Model for Lead as of AUgust 1, 1990 

setting soil-lead cleanup standards 

No current EPA standard exists for soil cleanup levels for 
lead, though interim guidance (OSNER Directive #9355.4-02) sets 
the level at 500-1000 ppm for residential settings for the 
Superfund program. No reference dose or cancer potency fa9tor 
exists for lead~ nor are such values likely to be established due 
to uncertainties in detecting effects of low level exposure to 
lead. In the absence of guidelines typically used for risk 
assessment, a modeling approach has been investigated as a means 
of establishing soil cleanup levels for lead. Developed by 
Harley and Kneip (1985, New York Univ.) and used by EPA·s Office 
of Air Quality Planning and Standards (OAQPS) to set the National 
Ambient Air Quality standards (NAAQS) for lead, the Integrated 
Uptake/Biokinetic (IUjBK) Model has been distributed by the 
Environmental criteria and Assessment Office (ECAO) as a 
potential method for determining cleanup levels for soils 
contaminated with lead. 

The model predicts total lead uptake for children 0-7 years 
of age by combining lead concentrations measured in media 
associated with various exposure pathways (soil, dust, diet, 
water, air) with age-specific factors for intake (inhalation and 
ingestion) and uptake (absorption) through each of the pathways. 
Then the total lead uptake is translated into a mean blood lead 
(PbB) concentration using linear absorption/distribution kinetic 
assumptions based on animal and human studies (Kneip et al., 
1983; Harley and Kneip, 198~); Figure 1 shows the 
absorption/distribution pathways upon which the model is based 
and their respective kinetic constants {U.S. EPA, 1990b}. A log 
normal distribution curve is then produced. that is defined by the 
chosen geometric standard deviation (GSD) about the mean PbB 
value: the·model output also defines what percentage of children 
have PbB levels above or below a chosen cutoff PbD level. 

Blood lead levels are generally viewed as the most practical 
way of determining recent and subchronic exposure to lead (ATSDR, 
1988). The PbB level of concern has steadily dropped as stUdies 
have become more sensitive: the present action level of 25 ug/dL 
set in 1985 is currently being reviewed by the Centers for 
Disease Control (CDC) and will certainly be lowered. Indications 
from the CDC are that 10 ug/dL will be considered a community 
action level and 15 ug/dL will be a level requiring 'a child be 
placed in a follow-up program (Falk, 1990). 

Kode1 sensitivity 

The model is flexible in that it allows for site-specific 
input data and/or nonsite-specific default values: as new studies 
are conducted, the default values can be updated to reflect 
clearer understanding of a given exposure factor. Table 1 shows 
the default values for 2-3· year old children used in the most 
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Figure l. 

Schematic Model of Lead Metabolism in 2-Year-Old-Children, with 
Compartmental Transfer Rate Constants 
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Table 1 

Default values: Integrated Uptake/ Biokinetic Model for Lead 

For 2 to 3 year old children exposed to lead in air, diet, dust, 
soil, and drinking water. 

Parameter 

1. Outdoor air lead (ug/m3) 
2. Indoor air lead (ugjmJ) 
3. Time spent outdoors (hour/day) 
4. Time weighted average for air (ug/m3) 
5. Breathing volume (m3/day) 
6. Lead intake from breathing (ug/day) 
7. % Respiratory depositionj absorption 
8. Lead uptake from air (ugjday) 

9. Lead intake from diet (ugjday) 
10. % Gastrointestinal absorption 
11. Lead uptake from diet (ug/day) 

12. OUtdoor soil lead (ugjg or ppm) 
13. Indoor dust lead (ugjg or ppm) 
14. Daily soil-dust ingestion (g/day) 
15. Weighting factors (soil/dust) 
16. Lead intake from dust and soil (ugjday) 
17. % Gastrointestinal absorption 
18. Lead uptake from dust and soil (ug/day) 

19. Drinking water lead (ug/L) 
20. Drinking water intake (L/day) 
21. Lead intake from drinking water (uq/day) 
22. % Gastrointestinal absorbance , 
23. Lead uptake from drinking water (ugjday) 

24. Lead intake from leaded paint 

25. Total lead uptake (ug/day) 

Oefault value 
-------------

0.2' 
0.06 
3 
0.10 
5 
.5 
32 
0.2 

29 
50 
14.5 

200 
200 
0.1 
45/55 
20 
30 
6.0 

9 
.5 
4.5 
50 
2.3 

o 

23 

-------------------~-~~--~-------------------~--~--~-~---~------

Percentage contr~ution: 63% diet, 26% soil, 10% water, 1% air 
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recent version of the model, Lead3. As indicated at the bottom 
of the table, food accounts for 63% of the total intake of lead 
when only default values are run in the model. This gives a PbS 
distribution as seen in Figure 2 in which 15% of the children 
aged 2-3 years would have PbB levels above 10 ug/dLo Most users 
of the model agree that the diet default values (1981/1982 
levels) in Lead3 are high, and most use the 1990 FDA predicted 
values (Cohen, 1988a,b) for current model predictions. Table 2 
provides a view of declining dietary lead intakes for children 
aged 1-6 years While Table 3 gives more recent dietary lead 
intakes for 6-month-old and 2-year-old children. 

Table 2 

Age-specific Total Dietary Lead Intake (ug/day) for 1978-
1983 (Sledge, 1986) and predicted for 1990 (Cohen, 1988a,b) 

Age 
(years) 
1-2 
2=-3 
3-4 
4-5 
5-6 

1978 
45.8 
52.9 
52.7 
52.7 
55.6 

1979 
41.2 
48.0 
47.8 
47.8 
50 .. 3 

1980 
31.4 
36.9 
36.9 
36.9 
38.7 

1981 
28.8 
33.8 
33.7 
33 .. 8 
35.5 

1982 
26.0 
30.6 
30.6 
30.7 
32.2 

1983 
19.3 
24.1 
23.0 
22.0 
23.2 

1990 
8.9 

10.4 
10.7 
10.8 
11.3 

Note: 1978-1983 values calculated using year-specific FDA 
data on food lead content and Multiple Source Food Modeling 
methodology described in Chapter 7 of u.S. EPA, 1986. 

Table 3 

Daily Dietary Lead Intake (ugjday) for 1980-1989 from FDA 
Total Diet Studies 

age 
6-month-old 
2-year-old 

1980 
34 
43 

81/82 
20 
30 

82/84 
17 
23 

84/86 
10.1 
13.3 

86/88 
4.1 
5.3 

88/89 
4.8 
5.0 

~~~~----------------~--~---~~~~-~----~~--~-----------------

Note: Unpublished 1984-1989 data received through personal 
communication (Gunderson, 1990) with the author of the 1980-
1984 data (U.S. FDA, 1988). 
--~~---~-------------------------------------------------

The Food and Druq Administration (FDA) is responsible for 
regulating lead in the diet. Efforts beqan in the 1970s to lower 
the levels of lead in the diet. Lead levels in food have been 
declining due to d~creased emissions from automobile and point 
sources, lower lead levels in water, and less use of lead 
soldered food containers (U.s. EPA, 1989a). For example, in 
1979, over 90% of food cans contained lead solder, but by 1986 
the level had dropped to an estimated 20%; a 77% reduction in 

------------------......... ~.-. 



Figure 2 

Blood lead distribution using all default parameters, GSD = 1.42. 
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canned food lead was accomplished in the period 1980-1985 
according to data provided to FDA by the National Food Processors 
Association (ATSDR, 1988). The amount of imported canned foods 
containing lead solder is unknown, however. 

The FDA's Total Diet study (TDS), also known as the Market 
Basket study, establishes reference values for lead contents of 
typical diets for children and adults. Specifically, the TDS 
involves retail purchase of foods in regional metropolitan areas, 
preparation of the foods, and individual analyses of 234 items 
depicting the diets of 8 population groups from infants to 
elderly adults. The TDS is based on two nationwide surveys: 
USDA's 1977-1978 Nationwide Food Consumption Survey and the 1976-
1980 National center for Health statistics' Second National 
Health and Nutrition Examination Survey (NHANES II); the 234 
foods, 33 of which include commercially prepared infant and 
junior foods, were chosen to best represent the more than 5000 
foods identified in the surveys. Dietary intakes of over 100 
analytes are determined and most analyses employ multiresidue 
analytical methods. Also, the analytical procedures used in the 
TDS are-modified to permit quantitation at levels 5-10 times 
lower than those used in FDA regulatory enforcement as food 
preparation may reduce levels of chemical residues (U.S. FDA, 
1988). 

Reanalysis using the model and the 1990 diet values (Table 
2) along with the other default values yields the plot seen in 
Figure 3 in which 99.5% of the children would have PbB levels 
below 10 ug/dL. With these input values into the model the 
soil/dust levels could average 350 ppm lead and still yield a 
distribution in which 95% of the children would have PbB levels 
below 10 ug/dL. Should all exposure parameters except for 
soil/dust be set to zero (i.e., no lead intake from air, water, 
or diet) then soil cleanup levels would have to be set at 600 ppm 
lead in order to have 95% of the children with PbB levels below 
10 ug/dL; this analysis was done to determine the upper limit for 
soil cleanup levels based on. the current mod~l assumptions 
concerning soil/dust intake and uptake. These values are shown 
in Table 4 along with the soil cleanup levels which would be 
required should the PbB cutoff value be set at 15 ug/dL. For the 
conditions modeled in Table 4, a soil/dust level which places 95% 
of children below 10 ug/dL also has 99.9% of them below a 15 
ug/dL level. 

Table 4 

Required soil/dust cleanup levels (ppm) to keep 95% of 
children aged 2-3 years below cutoff: 

Current model, all default 
Default, 1990 FDA diet values 
All other parameters set to zero 

10 ug/dL 15 ug/dL 

60 
350 
600 

350 
640 
890 



Figure 3 

Blood lead disrtibution using 1990 predicted diet values, 
all else default, GSD = 1.42 
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Using the 1990 diet values and soil/dust levels set at 350 
ppm lead, soil/dust accounts for 58% of the total lead uptake 
with diet, water, and air contributing 29%, 13%, and 1% 
respectively. The model is therefore very sensitive to changes 
in the soil/dust levels themselves or the soil/dust ingestion 
rate, the soil/dust absorption value (bioavailability), or the 
default dust value if only soil levels are measured at a site. 
Changes in the diet values also can greatly affect the projected 
cleanup level, as seen in Figures 2 and 3. Changes in the water 
or air values have limited effects on soil/dust cleanup levels 
due to their minor contribution to the total lead uptake. 

Although data is limited on the absorption of lead from 
nonfood items, stUdies point to a soil/dust absorption value of 
30%, the current model default, (U.S. EPA, 1986). This value has 
been contested by the potentially responsible party (PRP) at the 
Sharon Steel/Midvale Tailings mining site who claims that mine 
tailings are less bioavailable due to larger particle size and 
different chemical species than the soils used in the stUdies 
cited above (ARCQ, 1989)~ A study funded by EPA testing the 
bioavailability of mine tailings using swine has been conducted 
in Region 8 by Dr. J. LaVelle. Though the final report is not 
yet completed, preliminary accounts from the investigators 
indicate that the swine study will confirm the 30% absorption 
value. Table 5 shows how variations in the absorption value 
would affect soil/dust cleanup levels. 

Table 5 

Soil/dust cleanup levels (ppm) required with different 
soil/dust absorption values: 

Absorption 
value ' 

50 
40 
30 
26 
21 
17 
15 
13 
11 
1.0 

5 
4 
3 
2 
1. 
o 

cutoff 1.0 ug/dL 
soil/dust level 

200 
250 
350 
400 
500 
600 
700 
800 
900 

1000 
2000 
2500 
3500 
5000 

-10000 

cutoff 1.5 ug/dL 
soil/dust level 

385 
480 
640 
740 
920 

1130 
1280 
1480 
1750 
1920 
3850 
4800 
6400 
9600 

infinity (no cleanup) 
17500 
infinity 

Note: 1990 diet values, all else default, 95% of children 
have PbB, levels below the cutoff values 



Soil ingestion rates for children are difficult to measure 
and results from the studies completed to date (Binder et al., 
1986; Calabrese et al., 1989; Davis et al., 1990; Van Wijnen et 
al., 1990) have recently been called into question by Calabrese, 
the principal investigator of one of the studies (Calabrese, 
1990). The current model default value is 100 mg/daYi the value 
presently used to determine Reasonable Maximum Exposure (RME) at 
Superfund sites for soil ingestion is 200 mg/day. Validation 
exercises (discussed below) carried out on the model by some 
researchers (Hoffnagle, 1988; U.S. EPA, 1990a) have shown that 
the model over-predicts actual PbB means unless soil ingestion 
values ranging from 40-60 mg/day are used. According to the 
Calabrese study, where the appropriate tracer element (Zirconium) 
was used, a value as low as 20 mg/day may be appropriate for soil 
ingestion (Calabrese, 1990), though further studies are certainly 
needed given the doubts cast on all the soil ingestion stUdies. 
Table 6 shows how variations in the soil ingestion value would 
affect soil/dust cleanup levels. 

Table 6 

Soil/dust cleanup levels (ppm) required with different 
soil/dust ingestion rates (mg/day intake): 

Ingestion 
rate 

200 
150 
100 

80 
60 
40 
20 

cutoff 10 ug/dL 
soil/dust level 

< 180 
270 
355 
440 
590 
885 

1770 

cutoff 15 ug/dL 
soil/dust level 

325 
490 
645 
805 

1070 
1610 
3220 

Note: 1990 diet values, all else default, 95% of children 
have PbB levels below the cutoff values 
~---~--------~-----------------~--------------------------

Table 7 gives soil/dust cleanup levels required under 
different dietary lead intakes for 2-3 year old children based on 
FDA values presented in Tables 2 and 3. Table 7 shows that the 
dietary intake of lead was so high for the years 1978-1981 that 
no level of soil cleanup would have kept 95% of children below a 
10 ug/dL cutoff. With the current lower 'levels of lead intake 
rrom the diet, soil/dust becomes the major source of lead intake 
for the average child. 
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Table 7 

Soil/dust cleanup levels (ppm) required with different 
dietary intakes of l~ad (ug/day) for 2-3 year old children: 

dietary lead intake 
(corresponding year) 

(1978} 53 
(1979) 48 
(1980) 37 
(1981), 34 
(1982) 31 
(1983) 24 
(1984-86) 13 
(1986-88) 5.3 
(1988-89) 5.0 

cutoff 10 ug/dL 
soilLdust level 

NA 
NA 
NA 
NA 
35 

140 
310 
430 
440 

cutoff 15 ug/dL 
soilLdust level 

NA 
60 

230 
280 
320 
430 
600 
720 
730 

Note: All other parameters set to default, 95% of children 
have PbS levels below the cutoff values above. NA means 
that the diet values are so high that no level of soil 
cleanup would give the required level of protection. 
---------------------------------~----------------~-------

Changing the geometric standard deviation (GSD) can also 
have major effects on the soil/dust cleanup level, not by 
altering the mean as was accomplished by the changes described 
above, but by altering the shape of the distribution curve. A 
low Gse signifies a high confidence in the geometric mean and the 
distribution curve is high and narrow. A high sse. by contrast 
signifies lower confidence in the geometric mean and the 
distribution curve is shorter and more broad with a long tail in 
the high PbB regions. Figure 4 shows curves A,B, and C with 
GSD's of 1.50, 1.42, and 1.35 respectively which would require 
soil cleanups of 280 ppm, 350 ppm, and 425 ppm lead respectively 
in order to have 95% of children with PbS levels below 10 ug/dL. 
Actual SSD values from several PbB studies are presented in Table 
8 (U.S. EPA, 1989a). SSD values typically range from 1.30 to 
1.50 with an average (for the studies listed) of 1.42, a value 
which happened to match the SSD found in the NHANES II study, and 
thus the value chosen as default for the model~ Table 9 shows 
how choice of a GSD affects soil cleanup levels. 
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Table 8 

Comparison of estimated GSDs across several studies 

Population/Reference Mean PbB 
(ug/dL) 

Estimated 
GSD 

-----------------------------------------------------------
NHANES II - total mix of 
children l-S years old 
(Schwartz, 1985) 

II-year olds living near Belgian 
primary lead smelter (Roels 
et al., 1980) 

1-9 year olds living near Idaho 
primary lead smelter (Yankel 
et al .. , 1977) 

l-S year olds, closest to 3 non­
ferrous smelters in U.s. 
(Hartwell et al., 1983) 

1-~ year olds, living near Montana 
primary lead smelter (CDC, ~983) 

1-5 year olds, living in 3 Missouri 
smelter towns (Baker et al.,· 1977) 

16.0 

21.7 

S6.S 

15.6 
(median) 

9.4 

16.2 

1.42 

1.29 

1.32 

1.39 

1.53 

1.S7 

Method for estimating GSD found in Cohen (1986) and Marcus 
(1988). 

Table 9 

Soil clean-up levels required under different PbB GSD's: 

cutoff 
PbB 1.3 1.4 

GSD 

1 .. 5 1.6 1.7 1.8 
~------~---~-----~--~~-~-~------~--~------------------10 
15 

480 
835 

. 375 
670 

280 
535 

205. 
420 

140 
325 

85 
245 

-----~--------~--------~-----------------~----~-------all default but 1990 diet values; 95 % of population below 
cutoff 



Model Validations 

Several validation exercises an the original biokinetlc 
model developed by OAQPS have been completed in which predicted 
and observed blood lead levels of children living near point 
sources of lead were compared. The most extensive study used 
1983 data for 400 ch~ldren ages 1-5 living near a lead smelter in 
East Helena, Montana. Using site-specific data as input into the 
model, the actual and predicted mean blood lead values were 
identical for children living within 2.25 miles of the smelter 
(U.S. EPA, 1989a). Using predicted soil and dust levels, ~s a 
test of the model when site specific data are missing, the model 
predicted a blood lead value of 9.5 ug/dL whereas the observed 
mean value was 9.3 ug/dL. Other validations in Omaha, Nebraska, 
and Kellogg, Idaho, were less extensive, but support the East 
Helena finding that the model performs well in predicting mean 
blood lead levels in children living near point sources of lead 
(U.s. EPA, 1989a). 

-
The current ECAO version of the biokinetic model is 

essentially the same as the original OAQPS model, but several of 
the parameters have been changed to more conservative values as 
seen in Table 10. The current model is being used at the large 
Bunker Hill Superfund site in Idaho to determine appropriate 
cleanup levels for sail lead. Validations of the model were made 
for the years 1983 and 1989 using site-specific data including 
soil, dust, diet, air, and water lead concentrations as well as 
site-specific soil ingestion/absorption values and GSO values. 
This validation exercise found that the model over-predicted PbB 
levels using the model default values for soil ingestion and 
absorption so site specific dose coefficients (the product of the 
absorption value and ingestion rate) were run rather than default 
values. These dose coefficients were determined by linear 
regressions of the mean PbS levels against reciprocal clearance 
rates (which are the PbS response coefficients determined by 
Harley and Kneip and diagrammed in Figure 1). The dose 
coefficients, determined in this manner, were 14.9 mg/day (1983) 
and 10.4 mg/day (1989) and would be equivalent to soil ingestion 
rates of 50 mg/day (1983) and 35 mg/day (1989) if the soil 
absorption value were assumed to be 30% -(model default), or they 
would be equivalent to absorption rates of 15% (1983) and 10% 
(1989) if soil ingestion rates were assumed to be 100 mg/day 
(model default). Figures 5 and 6 (U.S. EPA, 1990) show plots of 
actual and model predicted PbS values for children less than 9 
years old and less than 3 years old. This study concluded that 
the model can accurately predict mean blood lead response from 
various media given appropriate site-specific input parameters 
(u.s. EPA, 1989b, u.s. EPA, 1990). 

I 
I 
~ 
I 
I 
I 
I 
I 
I 

~ 
I 
I 
I 
I 
I 
I ; , 

I 
-i 

,b 



I 
I 
{' 
I 
I 
I 

-. 
I' 
I .. r. 
IL 
Ir 
Ir 
I

~~ 

l 

It 
II 
I~ 

I~ 
Ii 

Table 10 

comparison between the original OAQPS parameters 
and the current ECAO lead model parameters 

OAQPS Input Parameters Current ECAO Model 

Abs. Abs. 
Dietary Age ug Pb/day Value uq PbLday Value 
Intakes: 

0-1 42-53% 21.86 50% 
~-2 ~9.3 42-53% 25.94 50% 
2-3 24.~ 30-40% 28.7~ 50% 
3-4 23.0 30-40% 20.05 50% 
4-5 22.0 30-40% 29.53 50% 
5-6 23.2 30-40% 31.10 50% 
6-7 18-24% 34.26 50% 

Abs. Abs. 
soil/Dust Age mgiday 
Ingestion: 

Value mgLday Value 

o-~ 0-85 25% ~oo 30% 
~-2 80-~35 25% 100 30% 
2-3 80-135 25% 100 30% 
3-4 80-~35 25% 100 30% 
4-5 70-100 25% 100 30% 
5-6 60-90 25% 100 30% 
6-7 55-85 20% 100 30% 

soil/Dust 25/75 45/55 
Partition 
Factor 



Figure 5 
Bunker Hi11 site 

Comparison of '1983 Observed Childhood Blood Lead Distributions to 
Those Predicted by Integrated Uptake/Biokinetic Dose-Response }lodel* 

a. Children .s. 9 years of age 
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Figure 6 
Bunker Hi11 Site 

Comparison of '1989 Observed Childhood Blood Lead Distributions to 
Those Predicted by Integrated Uptake/Biokinetic Dose-Response ~Iodel* 

a. Children ::: 9 years of age 
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current Applications 

The most recent version of the model, Lead3, has been sent 
out to the regions for use on a trial basis. Regions III, VIII 
and X are currently using the model to make soil cleanup 
decisions. Without guidance as to what is an appropriate PbS 
cutoff level or what percentage of children should be protected, 
each region has been using the model in different ways. Region 
VIII, for example, is considering using a cutoff PbS level of 
12.5 ug/dL and setting soil lead levels so that 95% of children 
have PbS levels below this value. Using site specific GSD values 
and the 1990 predicted diet values {Cohen, 1988a,b}, the model 
sets soil/dust lead levels at from 440 to 480 ppm, so a level of/ 
500 ppm has been recommended to the project managers at three 
Superfund sites in the region. (Weis, 1990) 

As mentioned above, Region X has been using the model at the 
Bunker Hill site. No decisions have been made at that site as to 
what percentage of children should be above what cutoff PbS 
value, though extensive efforts have been put forth to analyze 
replacement soil requirements necessary to achieve various levels 
of soil remediation (U.S. EPA, 1990). 

Region III has several sites contaminated with lead arid they 
are considering soil cleanup levels as low as 150 ppm. These 
levels were set using 1983 diet values and using a cutoff PbS 
level of 10 ug/dL and keeping 95% of children below that level. 
The region has also considered using a GSD of 1.70, a value seen 
in the PbB distribution for children in the Baltimore Lead Study, 
along with the more current 1990 diet values which would still 
require soil cleanup in the 150 ppm range (Brunker, 1990). 

Next steps 

*FUrther scientific tuning? The IU/BK Model can be easily 
modified through changes in the default parameters. The 
default parameters for dietary intake, for example, should 
be updated as soon as the most· current FDA values are" 
available. Other important parameters of concern such as 
the soil/dust ingestion rate and absorption value can be 
modified based on ~uture studies. . The present model does 
not take into account factors which may influence the 
bioavailability of the soil/dust lead in a given area such 
as the chemical species of the lead or the particle sizes of 
the soils/dusts involved; once the nature of such 
characteristics is better understood, appropriate changes 
could be made in the model. 
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*Further validations to current model? Changes in the 
default parameters of the model are continually being made: 
these changes can make the model better or worse at 
predicting the reality of PbB levels. Validation exercises 
comparing model predictions to actual PbB levels are the 
only true way of determining the success of the model. 
Given the changes to the original OAQPS model detailed 
above, are further validations to the current model needed 
or not? 

*Seek SAB approval? The scientific Advisory Board (SAB) 
reviewed the original OAQPS model and approved its use in 
establishing air lead levels for the NAAQS. Should such 
approval be sought for the current model for use to 
establish soil cleanup levels? Given the adversarial. 
context in which the model would be used at Superfund sites, 
review of the model by the SAB might be a benefit. 

*Need for a policy decision. A policy decision must be made 
concerning which population is to be protected and what • 
percentage of that population will be protected below what 
PbB cutoff level. 

*other forms of the ZU/BK model At least two forms of the 
IU/BK model for lead are available. One form, a user 
friendly version like Lead3, is meant to be fairly fixed so 
that changes to the model itself are difficult to make, 
though it would be frequently updated; this keeps the less­
than-expert user from making changes that distort the 
reality of the model's predictions. A second version, 
designed for the expert, is both flexible and powerful; it 
would be used by researchers familiar with the inner 
workings of the model to tinker with and test various 
parameters (Marcus, 1990). 

*SEGH model Another model has been introduced by the Soil 
Lead Task Force of the Society for Environmental 
Geochemistry and Health (SEGH) to determine acceptable 
concentrations of lead in soil. The principle disadvantage 
of this model is that it requires that both soil lead levels 
and blood lead levels be measured before cleanup levels can 
be determined; the need for such resource intensive data not 
only makes evaluations expensive, but it limits the model's 
ability to predict PbB levels for future scenarios. An 
option would be to have the SEGH model and the ZU/BK model 
validated simultaneously at the same site so that the two 
could be appropriately compared (Wixson, 1990; Beck et al., 
1990). 

*Nature of ORD'S support for model? Does ORD support the 
use of the model as it currently exists for use at Superfund 
sites? Would they provide technical support? Would they .\ 
provide support during litigation? 
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Appendix E 

Glossary and List of Acronyms and Abbreviations 
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GLOSSARY 

Acceptable Daily Intake. The amount of toxicant, in mgfkg body weight/day, that will 

not cause adverse effects after chronic exposure to the general human population. 

Acceptable Intake for Chronic Exposure. The highest human intake of a chemical, 

expressed as mgfkglday, that does not cause adverse effects when exposure is long 

term (lifetime). The AlC is usually based on chronic animal studies. 

Acceptable Intake for Subchronic Exposure. The highest human intake of a chemical, 

expressed mgfkg/day,. that does not cause adverse effects when exposure is short term 

(but not acute). The AlS is usually based on subchronic animal studies. 

Ambient. Environmental or surrounding conditions. 

- . 
ARARs. Applicable or relevant and appropriate requirements. 

Background Exposure. Exposure under conditions offsite and in unimpacted areas. 
-. 

Baseline Exposure. Exposure under onsite conditions with no remediation (no-action 

scenario.) 

BioaccumuJation. The retention and concentration of a substance by an organism. 

Bioconcentration. The accumulation of a chemical in tissues of an organisms (such as 

fish) to levels that are greater than the level in the medium (such as water) in which 

. the organism resides (see bioaccumuIation). 
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Cancer. A disease characterized by the rapid and uncontrolled growth of aberrant 

cells into malignant tumors. 

Carcinogen. A chemical which causes or induces cancer. 

Chronic Daily Intake. The projected human intake of a chemical averaged over a 

long time period, up to 70 years, and expressed as mglkglday. The CDI is calculated 

by multiplying long-term by the concentration human intake factor, and it is used for 

chronic risk characterization. 

Chronic Exposure. Long-term, low level exposure to a toxic' chemical. 

Chronic. Occurring over a long period of time, either continuously or interinittently; 

used to describe ongoing exposures and effects that develop only after a long 

exposure. 

Collocated. Set side by side. 

Concomitant. To accompany or to be concurrent. 

Dermal Exposure. Contact between a chemical and the skin. 

DermaL Of the skin; through or by the skin. 

Dose-Response Assessment. The second step in the toxicity assessment process which 

involves defining the relationship between the exposure level (dose) of a chemical and 

the incidence of the adverse effect (response) in the exposed populations. 

Dust. Airborne solid particles, generated by physical processes such as handling, 

crushing, grinding of solids, ranging in size from 0.1 to 25 microns. 
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DWEL (Drinking Water Equivalent Level). A DWEL is a medium-specific (i.e., 

drinking water) lifetime exposure level, assuming 100 percent exposure from that 

medium, at which adverse, noncarcinogenic health effects would not be expected to 

occur. The DWEL is derived from the multiplication of the RID by the assumed 

body weight of an adult and divided by the assumed daily water consumption of an 

adult. 

Endangerment Assessment. A site-specific assessment of the actual or potential 

danger to public health, welfare or the environment from the threatened or actual 

release of a hazardous substance or waste from a site. The endangerment assessment 

document is prepared in support of an enforcement action under CERCLA or 

RCRA. 

Environmental Fate. The destiny of a chemical after release to the environment; in­

volves considerations such as transport through air, soil and water, bioconcentration, 

degradation, etc. 

Etiologic Agent. An agent responsible for causing disease. 

Exposure Assessment. One of the components of the endangerment assessment pro­

cess. The exposure assessment is a four-step process to identify actual or potential 

routes of exposure, characterize populations exposed and determine the extent of the 

_ exposure. 

Exposure Scenario. A set of conditions or assumptions about sources, exposure path­

ways, concentrations of tOxic chemicals and populations (numbers, characteristics and 

habits) which aid the investigator in evaluating and quantifying exposure in a given 

situation. 
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Fugitive Releases. Emissions that occur as a result of normal plant operations due to 

thermal and mechanical stress. Fugitive dusts may result from vehicle reentrainment, 

soil movement by earth-moving equipment, or wind erosion of contaminated surfaces. 

Hazardous Waste. Hazardous waste, as defined in Title 40 of the Code of Federal 

Regulations, is a legal rather than a scientific term. To be considered hazardous, a 

waste must be on the list 9f specific hazardous wastestreams or chemicals, or it must 

exhibit one or more of certain specific characteristics in,-:luding ignitability, corrosivity, 

reactivity and toxicity. The definition excludes houseJ.told waste, agricultural. waste 

returned to the soil and mining overburden returned to the mine site. It alsO excludes 

all wastewater discharged directly or indirectly to surface waters. 

High Risk Child. Those children possessing several of the following risk co-factors 

obseIVed to influence blood lead levels. Soil/dust ingestion rates are 90 to 100 mg/day 

for this group. Associated risk co-factors for classification are: a) chewing bf finger­

nails and mouthing of objects; b) nonvegetated or uncovered outdoor play area; 

c) poor quality housekeeping or high indoor dust levels; d) lack of dietary vitamin 

supplements; e) smoking parent in home; f) <$10,000 per year home income; and 

g) parents possess less than a secondary level of education. 

Long-Term Concentration. The projected chemical concentration at an exposure 

point averaged over a long time perio~ up to 70 years (assumed to be a human 

lifetime). The LTC for the 70-year period beginning with the date of the RI/FS is 

used for carcinogenic risk characterization. Unless stated otherwise, the LTC refers 

to a best estimate concentration value, not an upper-bound estimate. 

Lowest-Observed-Adverse-Etfect LeveL The lowest dose of a chemical in a study that 

produces statistically or biologically significant increases in the frequency or severity of 

adverse effects between the exposed population and an appropriate control. 
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Mean. A statistical estimate of central tendency. Two different means are employed 

here: arithmetic mean and geometric mean. Arithmetic means approximate data 

centroids when data'is normally distributed. Geometric means approximate data 

centroi~ when data is log-normally distnbuted. Arithmetic Mean > Geometric Mean 

for the same data population. 

Mutagen. An agent that causes a permanent genetic change in a cell other than that 

which occurs during normal genetic recombination. 

Mutagenicity. The capacity of a chemical or physical agent to cause permanent 

alteration of the genetic material within living cells. 

N~tional Market Basket Variety Produce. Vegetable, fruit and meat produce 

distnbuted nationally and available on supermarket shelves, which constitutes the 

source of food for the average consumer. 

NHANES. Natic,mal Health and Nutrition Examination Survey, conducted in the U.S. 

and included interviews to obtain demographic, medical history, and nutritional infor­

mation. Medical examinations and numerous laboratory measurements from blood 

and urine specimens, including blood lead determination, wex:e also included. 

NHANES II was conducted from February 1976 to February 1980, with a probability 

sample of 27,801 persons reSiding in 64 areas of the United States. 

No.Observed-Adverse-Effect Level (NOAEL). That dose of a chemical at which there 

are no statistically or biologically significant increases in the frequency or severity of 

adverse effects between the exposed population and an appropriate control. 

No-Observed-EtTect Level (NOEL). That dose of a chemical at which there are no 

statistically or biologically significant increases in the frequency or severity of effects 

between the exposed population and an appropriate control • 
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Pathway_ A history of the flow of a pollutant from source to receptor, including 

qualitative descriptions of emission type, transport, medium and exposure route . 

Ph-B. Abbreviation for blood lead concentration, usually expressed as p,g Pb/dI of 

whole blood 

Pharmacokinetics. The dynamic behavior of chemicals inside biological systems; it 

includes the processes of uptake, distrIbution, metabolism and excretion. 

Pica. Refers to both normal mouthing and subsequent ingestion of nonfood items, 

which is quite common among children at certain ages, and the unnatural craving for 

and habitual .ingestion of nonfood items. The latter is an uncommon conditIon that is 

generally associated with medical conditions such as malnutrition, certain neuro­

behavioral ~orders, and iron deficiency anemia or, less often, with a particular 

cultural background. 

Plume. Term used to descnbe the distnbution of contaminants. 

Population at Risk. A population subgroup that is more likely to be exposed to a 

chemical, or is more sensitive to a chemical, than is the general population. 

Qualitative. Descriptive of kind, type or direction, as opposed to size, magnitude or 

degree. 

Quantitative. Descriptive of size, magnitude or degree* 

Risk Assessment. A qualitative or quantitative evaluation of the environmental 

and/or health risk resulting from exposure to a chemical or physical agent (pollutant); 

combines exposure assessment results with toxicity assessment results to estimate risk. 
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Risk Characterization. The final component of the endangerment assessment process 

which integrates all of the information developed during the exposure and toxicity 

assessments to yield a complete characterization of the actual or potential risk at a 

site. 

Route of Exposure.. The avenue by which a chemical comes into contact with an 

organisms (e.~ inhalation, ingestion, dermal contact, injection). 

Scenario. A set of assumption descnbing how exposure takes place. Scenarios are 

usually constructed in the "Integrated Exposure Analysis", section of an exposure 

assessment and are usually specific to an exposure setting. 

Short-Term Concentration. The projected chemical concentration in an exposure 

medium over a short-time period (10 to 90 days). The peak STC (i.e., highest 

concentration projected over the entire evaluation period) is used for subchronic risk 

characterization. Unless otherwise stated, the STC refers to a best estimate 

concentration value, not an upper-bound estimate. 

Standard Deviation. A statistical estimate of variability associated with a data 

population. One standard deviation about the mean includes 68% of the data 

population, and two standard deviations about a mean includes 95% of the 

population. 

Sub-chronic Daily Intake. The projected human intake of a chemical averaged over 

a short time period, expressed as mglkg/day. The SDI is calculated by multiplying the 

short-term concentration by the human intake factor, and it is used for sub chronic 

risk characterization.. 

Sub-chronic. Of intermediate duration, usually used to descnbe studies or levels of 

exposure between 10 and 90 days. 
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Teratogenesis. The induction of structural or functional development abnormalities 

by exogenous factors acting during gestation. Interference with normal embryonic 

development. 

Teratogenicity. The capacity of a physical or chemical agent to cause nonhereditary 

congenital malformations (birth defects) in offspring. 

, 
Time-Weighted Average. The average value of a parameter (e.g., concentration of a 

chemical in air) that varies over time. 

. 
Toxicity Assessment. One of the components of the endangerment assessment 

proce~ the toxicity assessment is a two-step process to determine the nature and 

extent of health and environmental hazards associated with exposure to contaminants 

of concern present at the site. It consists of toxicological evaluations and dose­

response assessments for contaminants of concern. 

Toxicity Profile. A summary of the (lvailable human health or environmental toxicity 

data on a contaminant. This document considers doses used, routes of exposure, 

types of adverse effects manifested, and definitive statements of quantitative indices 

of toxicity. 
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ACGIH 

ACL 

Ag 

AlC 

AIRS 

Al 

ALA 

ALA-D 

AQCD 

ARAR 

As 

A1SDR 

Ba 

Be 

BEl 

Bl-Pb 

ca 
eM 

CaEDTA 

Cd 

CDC 
CDI 

CERCLA 

CFR 

CIA 

CNS 
Co 

CPF 

Cr 

ClV 

Cu 

CWA 

ACRONYMS AND ABBREVIATIONS 

American Conference of Governmental Industrial Hygienists 

Alternate Concentration Limit 

Silver 

Acceptable Intake for Chronic Exposure 

Aerometric Information Retrieval System (USEPA) 

Aluminum 

Aminol~linic acid 

Aminolevulinic Acid Dehydrase (Dehydratase) 

Air Quality Criteria Document (USEP A) 

Applicable or Relevant and Appropriate Requirement 

Arsenic 

Agency for Toxic Substances and Disease Registry 

Barium 

Betyllium 

Biological Exposure Index 

Blood Lead Level; also as Pb-B 

calcium 

Clean Air Act 

Calcium Ethylenediaminetetraacetate 

Cadmium 

Centers for Disease Control 

Chronic Daily Intake 

Comprehensive Environmental Response. Compensation.and Liability Act 

Code of Federal Regulations 

Central Impoundment Area 

Centtal NeIVous System 

Cobalt 

Cancer Potency Factor 

Chromium 

Critical Toxicity Value 

Copper 

Clean Water.Ad: 
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D 

DI 

DWEL 

EA 

ECG 

EECA 

EEPC 

ELV 

EP 

EPTox 

FDA 

Fe 

FEP 

FWQC 

Gel 

GRC 

HAD 

HEA 

HEED 

BEEP 

HIP 

IDAPA 

IDHW 

IRIS 

K 

kHz 

LOAEL 

MCL 

MCLG 

MDI 

Mg 

Acronyms and Abbreviations (cont.) 

Dose 

Daily Intake 

Drinking Water Equivalent Level 

Endangerment Assessment 

Electrocardiogram 

Engineering Evaluation and Cost Analysis 

Engineering Evaluation for Phased Cleanup 

Estimated Limit Value 

Erythrocyte Protoporphyrin 

Extraction Procedure Toxicity 

U.S. Food and Drug Administration 

Iron 

Free Erythrocyte Protoporphyrin 

Federal Water Quality Criteria 

General Co~tive Index 

Gulf Resources and Chemical Corporation 

Health Assessment Document 

Health Effects Assessment 

Health and Environmental Effects Document 

Health and Environments Effects Profile 

Human Intake Factor 

Idaho Administrative Procedure Act 

Idaho Department of Health and Welfare 

Integrated Risk Information System 

Potassium 

Kilohertz 

Lowest Observed Adverse Effect Level 

Maximum Contaminant Level 

Maximum Contaminant Level Goal 

Mental Development Index 

Magnesium 

E-IO 
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Mn 

MPF 

MRL 

Na 

NAAQS 

NCP 

NEV 

NHANES 

Ni 

NJHD 

NOABL 

NOEL 

NPL 

OAQPS 

ORO 

OSHA 

OSWER 

PANORAMAS 

Pb 

Pb-B 

PHD 

PD 

PDI 

PEL 

PHRED 

ppb 

ppm 

PRP 

RCRA 
RnA 

RID 

Acronyms and Abbreviations (cont.) 

Manganese 

Medium Partition Factor 

Minimal Risk Level 

Sodium 

National Ambient Air Quality Standard 

National Contingency Plan 

Nerve Conduction Velocity 

National Health and Nutrition Examination Survey 

Nickel 

New Jersey State Health Department 

No Observed AdveJse Effect level 

No ObseIVed Effect Level 

National Priority List 

Office of Air Quality Planning and Standards 

Office of Research and Development 

U.S. Occupational Safety and Health Administration 

Office of Solid Waste and Emergency Response 

Pacific Northwest Regional Aerosol Mass Apportionment Study 

Lead 

Blood Lead Level 

panbandle Health District 

Protocol dOcument=Human Health Risk Assessment Protocol for the Populated 
Areas of the Bunker Hill Superfund Site (Jacobs Engineering et at, 1989) 

PhysU:al Development Index 

Permissible Exposure Limit 

Public Health Risk Evaluation Database 

Pans per billion 

Parts per million = p.g/gm = mglkg 

Potentially Responsible Party 

Resource Conservation and Recovery act 

Recommended Dally Allowance 

Reference Dose 
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RIJFS 

RME 

ROD 

Sf) 

SDWA 

Se 

SES 

SFCDR 

SMCL 

SPHEM 

TBC 

TCF 

TCLP 

TES 

11 

TLV-TWA 

TSCA 

TSD 

TSP 

TWA 

USEPA 

USGS 

V 

Zn 

Aeronyms and Abbreviations (cont.) 

Remedial Investigation/Feasibility Study 

Reasonable Maximum .Exposure 

Record of Decision 

Antimony 

Safe Drinking Water Act 

Selenium 

Socioeconomic Status 

South Fork of the Coeur d'Alene River 

Secondary Maximum Contaminant Level 

Superfund Public Health Evaluation Manual 

To-Be-Considered 

Tune Correction Factor 

Toxicity Characteristic Leaching Procedure 

Technical Enforcement Support 

Thallium 

Threshold Limit Values - Time Weighted Average 

Toxic Substance Control Act 

Treatmen4 Storage and Disposal Facility 

Total Suspended Particulate Matter 

Time Weighted Average 

u.s. Environmental Protection Agency 

U.S. Geological Survey 

Vanadium 

Zinc 
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